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HISTORICAL NOTE ON THE ROTATION OF VENUS AND 
MERCURY. 


Ss. C. CHANDLER 


FoR POPULAR ASTRONOMY. 

In what follows I shall endeavor to present as briefly as possi- 
ble a historical statement of the principal contributions to the 
question of the duration of the rotation upon their axes of 
Venus and Mercury and the position of these axes with reference 
to the Earth’s orbit. The account has been compiled after a care- 
ful perusal of the original sources of information. 

The first who attempted to determine the rotation-time of 
Venus was J. D. Cassini. His observations were made in 1666 
and 1667. The results were unsatisfactory, and he expresses 
himself with great hesitancy in regard to them, even on the ques- 
tion whether the phenomena seen were due to a rotation or to 
libration merely. He says that, on the assumption that the 
the same 
parts of the planet’s disk, nearly at the same hour of the day, at 


spots he saw were always the same, they appeared at 


intervals of 23 davs. His observations are consistent either with 
the hypothesis that there is no rotation, or a very slow one, or 
with the hypothesis that the rotation is accomplished in not 
quite 24 hours—according as they are assumed to pertain to one 
or to several spots. On the latter hypothesis the axis would lie 
apparently very nearly in the ecliptic, and the longitude of the 
ascending node of Venus’s equator at about 200 

Sixty vears later Bianchini, from some shadowy spots lying 
along the terminator, deduced a period of 24 days 8 hours, 
around an axis inclined 75° to the ecliptic, the node lying at 50 
His results are open to objections connected with arbitrary and 
uncertain identification of the spots. 

Two vears later, in 1729, Jacob Cassini and Maraldi tried to 
deduce a period from their own observations, but without result. 
Acccrdingly the former reverts to his father’s observations, al- 
ready mentioned, and finds from them a period of less than 24 
hours; and after a combination with those of Bianchini, one of 


23° 22°. 


It is this value which has generally, but erroneously, 
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been attributed in our text-books to the elder Cassini. Moreover 
Schiaparelli has shown that it does not represent well either 
series of observations on which it professes to rest. 

Sir William Herschel, observing trom 1777 to 1780, cautiously 
refrains from deducing from his doubtful data any conclusions as 
to the time of rotation or the position of the axis. Such spots 
as he saw were very faint and changeable, uncertain in their 
position, and frequently assumed the aspect of optical delusions. 
He thinks that some movement of rotation exists, of very doubt- 
ful character, but hardly so slow as 24 days. 

Schroeter, observing from 1779 to 1791, found a period of 
23" 28" from some nebulous streaks seen in 1788, which he at- 
tributed to clouds in the atmosphere of the planet. Afterwards 
the observation of peculiar changes in the cusps, and of occas- 
sional detached points of light, which he attributed to very high 
mountains, led him to some period between 23" 0" and 23" 40", 
the duration of which he subsequently fixed at 23" 20™ 59°. 
Schroeter’s conclusion is open to grave objection, and indeed his 
observations with regard to the cusps have been discredited in 
some quarters. Schiaparelli, while not going so far as this, gives 
cogent reasons why the deduction of rotation time by Schroeter 
cannot be admitted. 

In 1801 Fritsch thought that he found in his own observations 
a confirmation of Schroeter’s period; while on the contrary, 
Flaugergues, in 1822, decided, from his observations in 1796, 
upon one of 24 days, agreeably with Bianchini’s result, and upon 
an inclination of 16° to the ecliptic. In 1833 Hussey also es- 
pouses Bianchini’s conclusions, in a polemical essay on the sub- 
ject; in which, however, as Schiaparelli remarks, he does not dis- 
cern the true weak point of the cause he seeks to combat. But 
his dissertation appears to have stirred up the vexed question 
anew, and led to an appeal by Olbers and Schumacher to the 
Italian astronomers, to attack the subject again, under their 
favoring sky—an appeal which was responded to, in 1839, by 
De Vico, of the Roman College Observatory, where an immense 
number of observations were made by various persons. Palomba 
alone contributed 11000 measurements in one year, 1839. 
These, discussed by De Vico in two groups, each of ten sets, give 
individual results showing extraordinary discordances; in the 
first group between 23" 28".7 and 23" 51" 4, in the second group 
between 23" 11.1 and 23" 19".3—the mean for the first group 
being 23" 40" and that for the second 23" 15"; the mean of all 
being 23" 24" 5° sidereal time, or 23" 20" 15° mean time. The 
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cause of these diversified results lay in the character of the spots, 
their want of fixed limits and characteristic forms to assist in 
their identification. The later observations in 1840 and 1841 
increased these difficulties. To sum up, the final result obtained 
by De Vico was a period of 23" 21" 22°, an inclination of 53°.2, 
a longitude of the node of 57°.3. Notwithstanding the large 
amount of data available to De Vico, Schiaparelli’s criticism of 
his discussion appears to be justified, that his period is not inde- 
pendent, being based on the assumption that Schroeter’s is nearly 
correct, and that the inclination satisfies only a part of the Ro- 
man observations, and those of Bianchini not at all. 

Such was the unfruitful result of this memorable attempt to 
conciliate and confirm by new observations the period of the 
younger Cassini and Schroeter, which, as Schiaparelli remarks, 
has no real basis, having been maintained by a series of illogical 
conclusions analogous to those by which the singular theory of the 
so-called ‘‘ trepidation of the equinoxes’’ was supported from the 
time of the Alexandrian school to the end of the sixteenth cent- 
ury. Thus the work of DeVico did not advance our knowledge, 
but rather led to the prejudicial result thac, being generally ac- 
cepted as the final word on the subject, and as fixing our know- 
ledge of the rotation-period within very narrow limits, it dis- 
couraged further examination of the subject for half a century 
until Schiaparelli again took it up in 1890 with such revolution 
ary effect, and entirely changed the face of affairs 

It is impossible here to go into an extensive account of Schiapa- 
relli’s papers on this subject. Like his work on the meteors and 
on Mars it is classical, known and read of all the astronomical 
world except, apparently, some of those who have concerned 


themselves with the topi In the first three of | 


ls tive essavs he 


exhaustively and critically examines all the investigatious of 


which we have just given a brief account, keenly and decisivel 


probing their defects. The outcome of this exposure of the | 

lowness of our previous knowledge is one which is generally 
accepted by astronomers: namely, that up to this point, seven 
vears ago, the elements of the rotation of Venus must be regard 
ed as absolutely unknown \fter thus clearing the toundations 


of the tottering old fabric, he proceeds to the details of his own 
observations in 1877 and 1878, and finally, by a discussion of 
them in connection with others sufficiently trustworthy, proceeds 
to draw his conclusions. These are:—that the rotation is a slow 
one, proceeding in such a way that the position of the spots on 


the disk of Venus does not appreciably change for a month at a 
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time; that the observations are reconcileable with, and give as 
the most probable result, a period of axial rotation of 224.7 
days, thus equal to a sidereal revolution of the planet about the 
Sun; that the axis of rotation is sensibly perpendicular to the 
planet’s orbit; that there is not excluded the possibility of some 
deviation from these elements, but that the period in any case 
cannot be less than six months or greater than nine months, nor 
the deviation of the axis from perpendicularity more than 10° to 
15°; that all periods in the neighborhood of 24 hours are effectu- 
ally excluded; and finally that the older observations from which 
such periods were derived conform better to the period of 224.7 
days. 

This remarkable result of Schiaparelli’s investigation, when 
published in 1890, at once attracted 


wide attention, and 
led to new examination by others. 


Perrotin in Nice, observing 
for nearly five months in 1890, arrived at conclusions entirely 
comfirmatory of Schiaparelli. He found that the rotation does 
not differ, according to his observations, more than 30 days from 
the period of 225 days. They accommodate themselves best to 
a period between 195 and 225 days. Also that the rotation 
axis is nearly perpendicular to the orbit, not deviating therefrom 
more than 15, agreeably to what Schiaparelli had found. 
Terby, also in 1890, found that his observations of 1887 to 
1889 confirm Schiaparelli’s period of 225 days. 

More recently still, in 1895, Schiaparelli’s results have found 
verification by Cerulli and Mascari. Schiapareili himself, also in 
1895, found that his subsequent observations support his conclu- 
sions published seven years ago. 

On the other hand the period of 225 days has not gone without 
objectors: namely Loschardt (1891), Niesten (1891), Trouvelot 
(1892), Brenner and Villiger (1895). In thus dismissing 
these objections with this brief mention it is by no means in 
tended to imply that they are of little weight. On the contrary 
a dispassionate consideration of them is required in any attempt 
to obtain just views on this controverted point. Although Schi- 
aparelli’s great authority goes a very great way indeed, and pro- 
perly, in influencing opinion, it is not to be denied that some of 
the facts adduced in support of his period of 224 days, may also 
be reconciled with a period of almost exactly 24 hours, as Wisli- 
cenus has so temperately and ably shown. 

So much space has been given to Venus in this note that the 
corresponding question with regard to the rotation of Mercury 


cannot be gone into here at length. As is well known, Schiapa- 
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relli has also in the case of this planet announced as the decisive 
result of his investigations that the rotation is accomplished in 
88 days, thus similarly corresponding to its siderial revolution. 

I have been impelled to prepare the foregoing account after not- 
icing that there appears to prevail an amazing lack of informa- 
tion in recent remarks upon the subject, and a misapprehension 
about the incisive and decisive character of Schiaparelli’s work. 
From some of these remarks one might infer, without special ex- 
amination, that it was vague and conjectural, instead of being a 
cogently reasoned, sharply defined discussion of the facts of obser- 
vation, leading to a conclusion so convincing, in the writer’s 
opinion, as to require much more evidence than has yet been ad- 
duced to controvert it. 


THE ORBIT OF A CYGNI. O* 413. 
Ss. W. BURNHAM 


For POPULAR ASTRONOMY, 

The fifth magnitude star A Cygni was first observed as a wide 
pair by Herschel September 20, 1780, who noted a distant com- 
panion nearly following, at an estimated distance of about 1’, and 
entered it as No. 32 of his Class VI. It was first accurately 
measured by South in 1824, (= S$ 765) \ comparison of these 
results with the measures of O. Struve from 1850 to 1882 shows 
that there has been no sensible change in the position of this star 
during the time covered by the observations. Its magnitude ac- 
cording to O2 is 8.7, and the distance 85” in the direction of 
105 

In 1842, with the Poulkowa refractor, O. Struve found that 
the principal star was itself a close pair, being composed of two 
stars of 5.0 and 6.3 magnitudes; and it was measured at inter- 
vals by that observer for the thirty vears following. These ob- 
servations soon showed a retrograde motion in the position 
angle, and this movement has continued to the present time, 
with little or no change in the distance, the angular motion being 
about 61° in 53 vears 

One attempt has been made to determine. the approximate 
orbit of this pair upon the assumption that the stars form a 
binary system. Professor Glasenapp, using all the measures 
down to and including those of 1888, found a period of 93.4 years 
(Orbites des Etoiles Doubles du Catalogue de Pulkowa). This 
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ellipse is shown on the accompanying diagram where it passes 
through the corrected positions given by the computed orbit. 

I have also given the leading measures at short intervals from 
the date of discovery to the present time. The twelve positions 
shown are by the following observers 


1842 to 1861 O. Struve 7 
IS78 to LRST Hall 3 
1889 Maw l 
1896 See & Aitkin 1 


It is obvious from the distribution of these positions as shown 
on the diagram, that it is impossible at this time to tell anything 
detinite about the orbit of this pair, if it is a binary at all. In 
fact, a right line will represent all the observed places not only as 
well as anything else, but with errors much less than the probable 
errors in the measures of stars of this class by these or any other 
observers. Upon the assumption that this is rectilinear motion, I 
have given on the diagram the apparent movement of the com- 
panion which will represent the observed positions. This gives 
the annual proper motion of B as 0’.014 in the direction of 
12.2. How well this represents the measures will be seen from 
the following 


1842 66 Ovo O.08 
1845.18 1.6 O.00 
1848 80 5.7 O04 
1852.02 Li) 0.04 
1856.98 6 L O08 
1860 OT 5.6 L O07 
1871.75 0.1 L O09 
1878 42 7.0 0.03 
1885.75 6.5 O.O4 
1887.89 5.6 0.04 
TRSO.85 ee 0.07 
1896.13 O.8 » OS 


It will be observed that the distances are much better repre- 
sented here than by the eclipse. The computer, to more equally 
distribute the errors between the angles and distances, has been 
obliged to greatly increase the variations in distance in order to 
better represent the angles, and therefore adopted this ellipse for 
the apparent orbit. While the position angles are better repre- 
sented than by the theory of rectilinear motion, it seems very im- 
probable that any figure of this kind can be the apparent path of 
the companion. The errors in distance for the early and later 
measures are much too large, some of them being nearly 0.3. 
In stars of this class the measures of distance are generally much 
more reliable than the angles for obvious reasons, and should 
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have a corresponding weight in determining the most probable 
orbit. It is very probable that this is really a binary system, 
but the chances are that it will be necessary to have the observa- 
tions of at least the next half century before a satisfactory orbit 
can be found. 


SOME POINTS WHICH NEED TO BE EMPHASIZED IN 
TEACHING GENERAL ASTRONOMY. 


F. R. MOULTON 

In every subject there are a certain limited number of principles 
around which all the others cluster and to which all the details 
are more or less closely related. This is especially true of the 
natura] sciences where a vast number of phenomena are the 
consequence of a few natural laws. Evidently then, in order for 
one to have a good understanding of a science he must know 
what principles are of paramount importance, and he must 
clearly perceive the relations and bearings of details. To obtain 
the broadest view he must not only be able to arrive at the 
exact nature of the facts by his analysis, but he must also con- 
struct by synthetical methods a classification and philosophy of 
the known phenomena. 

A text-book can give an accurate and logical presentation of 
what is known of a science, but it is quite impossible for one to 
state with each fact just what its importance is as related to the 
whole. The size to which a text-book for high school and college 
students can be extended is always very limited, and since all 
topics which are treated must be stated with sufficient complete- 
ness to insure accuracy some can not receive the prominence 
that their nature would justify. Thus it becomes to a large 
extent the province of the teacher to emphasize certain topics 
and principles, to throw others comparatively into the back- 
ground and to show the relation and connection of the whole. 
The mere rehearsal of a text book, however good it may be, does 
not educate students but it requires the higher labor of discover- 
ing general principles and constructing philosophies to accomp- 
lish such an end. Since students do not have a grasp of the 
whole subject until the end of the course they can scarcely do 
such things for themselves without some intellectual stimulation 
and drawing out. 

It should always be remembered also that but a few of those 
who study a science will ever become specialists in it, and that 
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therefore the main purpose of teaching it is to develop men and 
women of ideas and mental power. Fortunately, in nearly all 
cases, that which leads to the best knowledge of a subject offers 
also the best mental drill, vet it is well for the teacher always to 
bear in mind the two-fold object of instruction. 

With these considerations in view many useful things might be 
said in regard to teaching astronomy. The object of the pres- 
ent paper will be to call attention to three topics which are often 
given less attention than they deserve, although it is not claimed 
that they are necessarily the most important parts of Astron- 
omy or the only ones that are neglected. It is intended that 
these remarks shall apply to: work in high schools in every re- 
spect as much as to teaching elementary Astronomy in colleges. 
No knuwledge of mathematics bevond Geometry is presupposed 
on the part of the student, but he should be familiar with that. 

1. Reference Points and Lines.—It is convenient to study un- 
der this heading the celestial sphere and those points and lines by 
means of which the codrdinates of the heavenly bodies are de- 
fined. A thorough understanding of this topic is important be- 
cause the terminology here introduced is employed in all further 
work in the subject, and in astronomical literature in general; it 
is of the first importance in all naked-eye work with a chart; it 
forms the basis of further work in spherical and practical astron- 
omy, and last but not least, because of the interesting things 
with which it can be introduced, it is almost without a rival as 
a means of developing a constructive imagination and the power 
of entertaining geometrical conceptions. Another reason why it 
is discussed here is because teachers almost invariably find it the 
most difficult part of the whole subject of Astronomy to teach 
and it is the one which students generally find least interesting. 
It cannot be omitted from the course but should be made as clear 
and interesting as possible. 

It is necessary to take it up near the beginning of the work, or 
just after the introduction, historical sketch and a few general 
notions have been commented upon. The first thing to make 
clear is that the celestial sphere is an infinite sphere, and that all 
the reference points and lines are at infinity on the surface of this 
sphere. The zenith is not a point a half mile or one hundred 
miles high, but it is the point on the infinite celestial sphere di- 
rectly overhead, and when we say an object is at the zenith we 
only mean that it is somewhere above us and that it is projected 
on the zenith. Perhaps a better example is the horizon which is 
not at some distant part of the Earth’s surface as is often sup- 
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posed but is a great circle on the celestial sphere ninety degrees 
from the zenith. When we say a terrestrial object is on the hori- 
zon we simply mean, as we would in the case of a celestial object, 
that it is projected there. Then it should be noticed that since all 
the dimensions of the celestial sphere are infinite we cannot use 
linear units but must employ circular measure. 

It can be pointed out that these reference points and lines are 
not chosen at random but that they depend upon three things, 
the observer’s position upon the Earth, the rotation of the Earth 
afid its revolution around the Sun. The pupils should be asked 
to classify these points and lines on this basis. It will require 
careful thought but will be found, much more interesting than 
mere memorizing and far more beneficial. When the student 
finds for himself that the zenith, nadir, horizon and vertical cir- 
cles depend upon the observer's position; the pole, equator, hour 
circles and cardinal points upon the Earth’s rotation, and the 
ecliptic and equinoctial points upon the Earth’s revolution he 
cannot fail to understand the exact signification of each, and at 
the same time he has them in a system by which they are easily 
remembered. 

Then the question arises whether we can define a star’s posi- 
tion by use of the reference points and lines included under the 
first heading. We can give only its zenith distance or altitude 
and hence can not exactly fix its location, but as soon as we ad- 
mit those under the next heading and get the cardinal points we 
can locate it exactly. Then we can give its altitude and azimuth. 
Can we define the position in any other coérdinates? We can 
give its declination or distance north or south of the equator but 
we do not yet have a fixed point from which to measure its dis- 
tance east or west. We get this under the next heading in the 
equinoctial points when we can give both its declination and 
right ascension. Now we can define its position still another 
way, viz., by latitude and longitude. Each of these three inde- 
pendent sets of cUdrdinates serves to define the position of a ce- 
lestial body. 

To bring out more clearly still the exact importance of each the 
question of their relative convenience should be discussed. 
Thought in this line will reveal the facts that every observer has 
a different zenith, and that the portion of sky at his zenith varies 
with every hour of the day and every day of the year. There- 
fore the altitude and azimuth of a star do not define its position 
on the celestial sphere unless we know also the observer’s posi- 
tion on the Earth, his local time of day and the day of the year. 
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On the contrary the declination and right ascension are independ- 
ent of the observer's position and the time of observatian. In 
this case then the twocoGdrdinates alone locate thestar definitely. 
The same can be said of latitude and longitude. The much 
greater simplicity of the last two systems for catalogues is at 
once apparent. It must now he seen which of these possesses 
the greater advantages. Thought again will reveal the fact that 
degrees of right ascension move across the meridian with perfect 
uniformity in consequence of the Earth’s rotation. Therefore 
this svstem can be connected with time in a simple manner which 
makes it the most convenient of the three for describing the posi- 
tions of stars. 

When these foundations have been thoroughly mastered the re- 
lations of these systems of codrdinates should be studied. The 
most important work in this connection is to be able to readily 
find the approximate altitude and azimuth of a budy at a given 
place, time and date when its declination and right ascension are 
known. If Jupiter has a right ascension of 11" and declination 
of 5° north according to the ephemeris, the student of Astronomy 
should always be able to know where to look for it at the 
required time. Or if he reads in the paper that Brooks has dis- 
covered a naked-eve comet with a given right ascension and dec- 
lination he should be able to determine what time of the night to 
look for it and where to look. As this is one of the problems 
that very often puzzles beginners in Astronomy one way of solv- 
ing it will be indicated 


The first thing is to find the distance of the body east or west 


of the meridian at the required time. This can be done in three 
distinct and simple steps: (4) find the right ascension of the 
Sun at noon of the given date; (b) tind the hour-angle of the 
star at noon, and (c) reduce to the required time of day Sirce 


the Sun moves eastward two hours per month his right ascen- 
sion at noon is equal to twice the number of the months between 
March 21st and the given date. This is the solution of the first 
step. The hour angle of the star at noon is the difference be- 
tween its right ascension and that of the Sun. If its right 
ascension is greater than that of the Sun it is east, if 
less, it 1s west of the meridian. Since the diurnal motion 
of the stars westward is nearly the same as that of the Sun we 
simply move the star as many hours to the west as the required 
time of day is later than noon. We now have the hour angle of 
the star at the required time and its declination, and it remains 
to estimate its altitude and azimuth. In doing this it should be 
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remembered that the elevation of the equator on the meridian is 
the complement of the observer's latitude and that it intersects 
the horizon in the east and west points. When the point on the 
equator indicated by the hour angle is located, the declination is 
measured off in the direction of the pole. This gives the position 
of the star from which its altitude and azimuth are directly esti- 
mated. 

The following example illustrates the process: Given, right as- 
sension of the star = 4", declination = + 20°; to find the ap- 
proximate altitude and azimuth at 8 p. M., Jan. 21st fora place 
whose latitude is 40° north. The number of months from March 
21st to Jan. 21st is 10, therefore the result of the first step is 20". 
The second step shows that the star is 16" west or 8" east of the 
meridian. Bringing it 8" to the west according to the third step 
we have it on the meridian at 8 p.M. The elevation of the equa- 
tor on the meridian is 50° and since the star is 20° still farther 
north its altitude is 70°, and since it is directly south its azimuth 
is zero. Such examples should be varied with the somewhat sim- 
ilar problems of finding the time of day that a star with a given 
right ascension will cross the meridian on a given date, and of 
finding the date on which a star with a given right ascension 
will cross the meridian at a certain time of the day. 

This work is far different from that which the students have 
generally expected. They have imagined that Astronomy treats 
of the stars and the people who inhabit them and many such 
wonderful things. They are often a little disappointed that this 
is not the case even if the work has been presented in the 
most interesting manner. At this point advantage can be 
taken of the fact that they want to study the stars. The ex- 
amples given should be based as far as possible upon remarkable 
constellations, groups or stars. The right ascensions and declin- 
ations together with a description of the objects can be given 
and the class required to identify them. There should be some 
distinguishing feature to the objects assigned so that there will 
be no doubt about their identity. If the work is begun in the 
autumn the brilliant a Lyre and the quadruple system of suns, 
é Lyre will be very interesting objects. ¢ Lyre also affords a 
good test for the power of the eyes to separate close objects. 
Then there is the diamond or Job's coffin in Delphinus containing 
Burnham’s famous binary, # 151, and Altair in Aquila and FJ’o- 
laris and the big dipper and the constellation Cassiopeia. If the 
work is taken up at the first of January Ursa Major, Cassiopeia, 
the Pleiades, Leo and the rich regions of Taurus and Orion may 
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be given special attention. The brighter planets should be 
located by their right ascensions and declinations if they are 
visible, and the student required to find them. This sort of work 
continued throughout the course will develop such familiarity 
with the method that it becomes very easy, and the study of the 
objects, if they are chosen with judgment, will be a source of the 
keenest pleasure. In this manner the student’s expectations are 
to some extent realized and at the same time he is lead into a 
keener appreciation of the spirit and methods of the science 

2. The dignity and consequences of the law of Universal Grav- 
itation.—Astronomy is preeminently a deductive science having 
for its great foundation principle Newton's law of gravitation. 
No other science in the whole range of knowledge can boast a 
law so well established nor one to which such delicate tests can 
be applied, and from which so many consequences can be inferred 
by rigoruous logical processes. No other possesses a law so in- 
variable in its action and so universal in its application. Inde- 
pendent of time and the physical condition of matter it halds the 
universe in its grasp. It not only guides the movements of the 
planets in their orbits, determines their shapes and to a large ex- 
tent their physical conditions, but it also plays the most promi- 
nent part in the varied phenomena of our every day life. So 
simple and so universal it is one of the grandest conceptions that 
ever entered the mind of man, and we do not wonder that the 
immortal Newton was overcome with emotion as his computa 
tions began to show him that he had grasped the master fact 
of the universe. 

\ law having such vitalconnection with nearly every phenome- 
non of the science as well as of nature in general should be given 
a very prominent place in the study of the subject. Many lessons 
will be devoted to tracing out its results in the motions of the 
planets, satellites, comets and binary stars, and in all of these it 
should be repeatedly pointed out that the one great law presides 
over all. It not only explains the phenomena which are known 
but has become in the hands of the great mathematicians one of 
the most powerful instruments of discovery. Those teachers 
who spend three weeks on the Dominical Letter, a day on Bode's 
law and only fifteen minutes on the law of gravitation because it 
can be stated in a few words, have missed widely the spirit of the 
science. The mere accidents of number, wrongly honored with 
the title ‘‘laws,’’ should never be classed with those fundamental 
principles applying throughout nature. If such laws as Bode’s 
are learned at all it should be with the clear understanding that 
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they are nothing but aids to the memory like the mnemonic de- 
vices which are used in logic to assist in recalling the different 
moods of the four Figures. 

A student who has had a course in Astronomy should have a 
profound respect for Newton’s law and a just appreciation of its 
great importance and wideapplication. A text-book can searcely 
give him a perfectly correct view of the subject and it certainly 
ought not to be further distorted by the teacher. His office is 
rather to emphasize fundamentals and make them the nuclei of 
less important details. 

3. The Nebular Hypothesis and Theories of Cosmogony.—In 
closing the work ona subject it is always advantageous to ob- 
tain in some way a broad view of the whole field of study at 
once. Before this time it is impossible to appreciate all the rela- 
tions and bearings of a fact, and very often the student gets er- 
roneous views in regard to many things. At no other time can 
they be so well corrected as when he has all the facts in his pos- 
session. Thus the object of a review should be to put things in 
their proper relations and proportions rather than merely to re- 
cite the facts that are supposed to have been learned. 

This object can be realized to the fullest extent if the review is 
made with the purpose of constructing a philosophy of the facts. 
The study of the Nebular Hypothesis and Theories of Cosmog- 
ony demands this kind of work and affords a most profitable 
and interesting close to the course. Up to this time the What 
and the How have been chiefly considered with the result that a 
most wonderful universe has been revealed, but now the Why is 
sought. The work now deals not only with the facts but also 
especially with their causes, and is invariably of the keenest in- 
terest to students. It seems to have been the desire of people in 
all ages to know why things are so, and many of the best efforts 
of the human mind have been made to satisfy this desire. It will 
have been asked many times what the formal law that all the 
planets rotate and revolve in the same direction means, and 
when it is learned that these relations are the outgrowth of a 
causal law of development and that the present condition is but 
a step in the march of a mighty evolution, every fact of the solar 
system will have a new interest. All the exceptions to the gen- 
eral laws of the circumstances of motion will be remembered and 
explained under our theory of evolution or will compel us to 
modify it. The result will be a comprehensive and accurate view 
of the whole system with every phenomenon as a consequence of 
known laws; and with some degree of success the same processes 
can be extended to the whole physical universe. 
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There is an element in this work that makes it of great educa- 
tional value. Before this time our methods have been largely 
analytical but now they become synthetical. We no longer tear 
to pieces to get at the exact nature of the phenomena so much as 
we gather up the details and try to discover their cause and the 
meaning of the whole. Special attention is paid to the methods 
of handling the material which we have acquired, but this is one 
feature of scientific work that is sometimes neglected. We have 
been taught so long that our conclusions are worth no more 
than the premises from which they are derived that we often give 
an undue amount of attention to establishing the accuracy of 
our data while we neglect to draw conclusions at all, or forget 
the equally important fact that they are worth no more than the 
processes by which they are attained. This critical scrutiny of 
premises has been a necessary reaction from the scientific 
methods of the ancients but we must avoid going to the other 
extreme. 

This work leads to some of the most attractive fields of 
thought and grandest generalities in any science. We find our- 
selves little creatures of moment yet able to grasp some of the 
great laws operating in nature, through which we can say with 
assurance what has happened in the remote ages of the past and 
what will take place in the indefinite future. Minds so cold and 
unresponsive to the beautiful and sublime that they are not 
moved in the consideration of these things are rare indeed. 

THE UNIVERSITY OF CHICAGO 


GENERAL PROBLEMS OF CELESTIAL MECHANICS 


If, to explain all the phenomena falling in its domain, by means 


of the fewest and simplest fundamental laws may be defined as 
the highest aim of a natural science, astronomy enjoys a high 
degree of perfection, so far as it is concerned with the movements 


of the heavenly bodies. All those complicated phenomena, which 
the apparent motions of these bodies present to our contempla- 
tion, to say nothing of the fundamental principles of general me- 
chanics, to which we may, and in fact, do ascribe no lower degree 
of certainty than to the basal principles of geometry, are dom- 

Address of Professor Hugo Seeliger, delivered on the 28th of March, 1892 
at the public session of the Royal Bavarian Academy of Sciences, in commemo 
ration of the 133d year of its founding. Translated$by Dr. G.W. Myers, associate 
Professor of Astronomy and Mathematics, University of Illinois 
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inated by a single law. This simple law of Newton prescribes 
the fall to Earth of a stone deprived of its support, while at the 
same time, it proclaims how self-luminous suns, separated by im- 
measurable distances, mutually act and re-act upon each other. 
The maintenance, that this universal validity, localized neither in 
time nor space, of Newton's law, is a fact, whose discovery be- 
longs to the greatest achievements of the human mind, will in- 
deed, scarcely meet a contradiction. Certain it is that only in 
rare cases has the human understanding succeeded in compassing 
equally comprehensively, vast areas of the world of phenomena 
in a formula, capable of expression in so few words and with so 
few symbols reducible to mathematical form. 

This is not the place to trace out the circuitous paths upon 
which science has arrived at a recognition of this law,—how 
only through the aggregation of empirical material for centuries 
the way to induction was opened, by which the idea, far from 
self-evident, that the matérial bodies mutually attract according 
to definite laws, was reached. Nor is this the time to detail how 
this thought emerged first in hazy outlines as with Kepler, then 
in ever increasing distinctness, to be expressed at last by Newton 
not only with perfect clearness, but also to be pursued by him 
into all its far-reaching consequences. 

The task of developing Newton's doctrines fell to the century 
succeeding him. Of this period, the names of the great French 
mathematicians, Clairaut, d'Alembert, Lagrange and Laplace 
shine with peculiar lustre as the founders and promoters of the 
* Celestial Mechanics.”’ Even at that time the conviction existed 
that Newton’s law forms a correct and indispensable abstraction 
from observations, as tested by a thousandtold agreement be- 
tween theory and experience. Later developments in astronomy 
have only served to heighten this confidence to certainty. To-day 
it must be said that astronomy, in its entirety, forms a wonder- 
fully compact body of conclusions which has its origin in that 
foundation and with it stands or falls. This science forms ac- 
cordingly one great proof of the correctness of the Newtonian 
law. Whether we observe the exact agreement with prediction, 
of a previously computed eclipse, or seek by computation to fix 
chronologically the oldest historical dates of recorded celestial 
phenomena, whether with scale, pendulum and level we measure 
the form and size of Earth, or listen in silence to the pulse beat of 
ocean, the tidal ebb and flow; everywhere we meet only the 
direct consequences of the general laws of mass-attraction; 
everywhere phenomena which find their fullest explanation 
through these laws and through them only. 
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Despite all these achievements and successes, however, we dare 
not yet maintain that we really possess the final and unmodifi- 
able solution of the problem of cosmic motions. 

At present two points in particular have come into the fore- 
ground of consideration. 

In the first place it is not to be denied that the Newtonian 
forces of attraction, operating over distances without mediation, 
involves an incomprehensibility which the human mind is by no 
means satisfied to accept without inquisition. Newton himself 
said, ‘It is inconceivable how inanimate matter with no ma- 
terial mediation whatever can act on an object other than itself 
without mutual contact. Such must be the case, however, if, ac- 
cording to Epicurus, gravitation belongs to the nature of matter 
and inheres in it."’ With this expression everyone will agree and 
with ever increasing heartiness, the more he seeks to compre- 
hend the true essence of the action of forces over distances. 

We cannot, therefore, regard Newton’s law as one of those 
ultimate causes with the assuming of which our desire to investi- 
gate either can or need be content. And science will cause all 
ettorts aimed at the removal of forces acting over distance—forces 
coeval and co-existent with matter, demanding neither time nor 
juxtaposition for their propagation, to appear all the more im- 
portant, since, by their means, the expression of Newton's law 
must very probably receive certain modifications. 


Itis a remarkable fact that shortiv betore Maxwell's efforts to remove from 


science of electricity forees Operating OV listances led to su hepoch making 

re lutions in our views, the most violent att s vainst su h attempts were 
being made. ZOliner especially passionately regarded attempts to remove these 
forces not merely as unsuccesstul but as downright nonsense, (cont. e g. Vorrede 
1den Principien emer electrodynamischen Theo der Materi No weight ts 
today ascribed to ZOllner’s analyses and there n hardly be found a natural set 


‘tist now who is disposed to assu ne with ZO'l that matter is animate and to 
Seek 10 feelings ot love ind hatred the torces ion and rept Ision trans 
mitting themselves through space without media 
Phe considerations ot Paul Du Bots-Revmond it r die Grundlagen det 
nutniss in den exacten Wissenschatten, Tiibingen, 1890 ire to be taken 
more seriously. Though | cannot agree with ert the obvious tendencies to 
splitting which are apparent in some places of this publication, or with the 
tthor'’s mode of conducting his proof v t t forces Operating over distances 
lust necessarily and always be inconceivable to us: vet the contrary lam not 
sposed to doubt it But in the ex t scier Ss at present the vuestion is not at 
1} whether molar torces are to be assumed as operat hetween infinitely ne 
yarticles of matter, but rather whether a propagation trom particle to particl 
urs In this question, we are to deal with no idk ation as results have 
shown, but with a problem of extreme importance becausein all probability upon 
e manner of propagation ol this terece the jaw ft attraction must depe ad tor 
ts form, and hence that Newton's law will proba receive certain important 
rditications. No one has as vet, been successful in framing tor the propagatior 


t the attraction of mass a notion more specific than this of Newton and the dif 

ilties appear maguified by the circumstance that no poles and consequently 
lways attraction and never repulsion are present 

Attempts reaching back to Laplace and based on the assumption that attrac 
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In the second place, the law of mass-attraction, which estab- 
lishes an abstract mechanical relationship between bodies in a 
space which does not in reality possess this hypothetical property 
can not in itself alone suffice to explain rigorously, for all time, 
the phenomena observed. I shall treat this problem somewhat 
more in detail in the sequel. 

Even the experiences of daily life teach us that not one of the 
laws of mechanics operates without disturbance. The effccts of 
such a law are often disguised beyond recognition by the action 
of influences of the most varied nature and it required the most 
scrutinizing mental and observational activity to separate acci- 
dental influences from essential effects. The development of the 
science of mechanics had to endure a long and hard struggle with 
these difficulties and indeed it required a mind closely akin to that 
of Newton (as was Galileo’s) to disentangle the laws of pure me- 
chanics from the complicated and confusing mass of single facts 
of observation. What a wonderful faculty of abstraction did the 
discovery of the law of inertia, forexample, demand! According 
to this law every body, great or small, heavy or light, takes up 
immediately any motion imparted to it and maintains it until a 
new external impulse operates upon it. According to it, the 
mightiest cliff must vield instantly to the thrust of a finger tip 
and move on in the assigned direction, though ever so slowly, 
without cessation. Nothing of this is observed and even if it 
were possible with great exertion to displace by a little, this 
great mass, it would need a continual expenditure of energy to 
maintain its original motion. It is easy to detect the reason of 
this phenomenon in the resistance which the rough support op- 
poses, in the elastic yielding which characterizes even the hardest 
stone and so forth. It may even happen that in individual cases 
explanations may be found in the actual mechanical occurrences, 
but a longer and more troublesome road leads to the recognition 
of these resistances, frictions, elastic efforts as secondary circum- 
stances, which serve only to mask the true laws of mechanics, 
notwithstanding the fact that in practical life, oftentimes they 
constitute the chief considerations. How difficult to the unedu- 
‘ated is the teaching that in vacuo a feather falls with the same 
velocity as a ball of lead! And yet in the recognition of this, lies 
one of the chief doctrines of mechanics, one of the most impor- 
tion is propagated with finite velocity through space, without this velocity in 
any way modifving the forces, cannot lead to the desired result. It is to say the 
least, very probable that influences analagous to aberration in case of light are 


here to be considered. The essence of the problem consists precisely in the dis- 
covery of modifications produced by such influences. 
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tant supports of Newton’s doctrine of attraction. It is difficult 
for us even to make abstractions from the atmosphere which 
surrounds us continually and which modities so essentially all 
processes about us. Out of the experiences of daily life then, 
arises the question whether in the remote spaces of the planetary 
systems, as well as in the remoter regions beyond, similar obscu- 
rations of the general laws of mass-attraction and of pure 
mechanics do not also occur. Are not resistances, frictions and so 
on to be found here, similar to those which on the Earth, dis- 
figure beyond recognition in many instances, the laws of motion? 
Evidently here, if anywhere, must it be only a question of ex- 
ceedingly small effects of this sort; for, that the law of Newton 
controls the celestial motions with almost mathematical accur 
acy has already been demonstrated beyond all reasonable doubt. 
Nevertheless the propounding of the above question is of great- 
est importance; for even the least resistances must accumulate, 
after the lapse of long intervals of time, into appreciable results. 
They gnaw, as we shall see, ever in the same direction at the per- 
mancy of the present forms of motion and should they escape 
our notice for several thousands of years, they will surely after 
multiplied thousands become manifest in their never healing influ 
ences. The importance of the proof of the existence of such 
resistances is, therefore, not at all dependent upon their intensity; 
for their effect is ever the same and only the duration of time 
within which this effect becomes a definite quantity must be 
differently measured according as it is great or small. 

The position that planetary space is absolutely empty has long 
been surrendered as untenable. If such were the case we could 
not at all accept, without further inquisition, the idea of mass- 
attraction, to which we have already referred, as an incompre- 
hensibility. But other phenomena also compel us to conceive of 
the whole of space accessible to our perception as filled with an 
extremely rare substance. That light can be nothing but a peri 
odic change of condition of extremely highly attenuated matter, 
called zether, which interpenetrates all space as well as the bodies 
situated in it, belongs to the most thoroughly grounded and 
generally accepted facts of physics. This same ether is further- 
more needed to explain the radiation of heat and the effects of 
electrical forces. 

It need trouble us very little in this connection, that we must 
ascribe to this ether the most remarkable anc in some sense con- 
tradictory properties; for in this regard, only such an imperfec- 
tion of the methods in vogue at any given time, for the theoreti- 
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cal treatment of the phenomena of optics can be revealed as 
later investigation will certainly replace by less conflicting modes 
of procedure. The sole consideration of importance for us, is 
that physics requires a material substratum for light and heat 
radiation, for so soon as we regard its presence as established, 
we cease longer to doubt that a cause for the origin of forces of 
resistance has also been found. However fine the distribution of 
the ether and however small its influence upon cosmic motion 
may be; with time, even though perhaps only after the lapse of 
many millions of years, this influence must make itself apparent. 
It is easy to see in what sense this influence must work, if we 
merely keep in mind that it cannot differ in kind from atmos- 
phereic resistance. 

Since a planet is constantly retarded in its circuit about the Sun 
it must approach the central luminary continually in a_ spiral 
orbit and since this tendency never ceases the planet must neces- 
sarily ultimately unite with the Sun. And what is true of one 
planet in this regard 1s true of all. The solar system can not, 
therefore endure eternally; one planet after another will nnite 
vith the Sun until at last the entire system is combined into a 
single mass. 

Even for conjecture concerning the period within which this en- 
tire process must be performed, there is as vet no basis whatever. 
For this, it would be necessary either to have accurate knowl- 
edge concerning the density of the ether, or at least to confirm 
the fact of an action of resistance of the same upon the planets. 
In contradiction to oft-expressed and wide-spread opinion, it 
must be emphasized however, that even this has not as vet, been 
done. We know at present of no astronomical phenomenon 
which poiuts unmistakably to an action of the «wther in the sense 
described? and for the time being, we must regard what was just 
said as at best only a very probable hy pothesis 

On the other hand there are incontestable prools that planetary 
space in another sense of the word is far trom being empty. We 
know that a countless number of small bodies, which in their to- 


One frequently meets with the statement that the influence of a resisting 


me ham, which in the case of the motion of E icke’s comet is unequivocally estab- 
lished, implies the extsteace of an appreciably dense ether Phis is, however, tar 
from correct. The motion of Eacke's comet requires the assumption that the 


deasity of the resisting medium diminishes very capidly with increasing distance 
fron the sun. Furthermore, the motion of the solar system ayainst the aether 
must be appare it in the changes of the orbital elements of the comets. The latter 
is not the cas:, an] the former contains assunptions which one is scarcely ready 
to grant. (Sve my paper ueber Zusammensteoesse und Theiluagen planetarischer 
Massen.) (Abhandlungen der k. bayer. Akademie der Wissenschatten II. Cl. 


XVII. Bd. TE. Abth.) 
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; 
tality may be designated cosmic dust, fills probably all the space 
of the planetary system, certainly, however, that lying nearer the 
Sun. These small masses of course, move in conformity to New- 
ton’s law, with planetary velocity about the Sun but that har- 
mony, which rules the motion of the planets in such sublime sim- 
plicity, with these bodies, cannot remain in tact 

The enormous number of these small bodies coupled with the 
fact that they execute their movements in all possible directions 
h each other and also 
with the larger masses of our systems. It 


must lead to collisions between them wit 


I 


is these collisions 
wheh we are continually observing and which must needs cause 
deep seated modifications of the planetary movements 

The pleasing diversion which falling star-dust lends to the mo- 
tionless features of the nocturnal sky, is perhaps kuown to every- 
one, even to him who seldom turns his attention to astronomical 
phenomena. With some exceptions, one might however, at first 
glance, be disposed to regard the appearance of a star shower as 
a rather seldom occurrence; but there is needed only a little closer 
attention to show that, as a rule, no special precautions are re- 
quired to enale one to perceive a considerable number of shoot- 
ing stars hourly, that even a small telescope very greatly im- 
creases the number of these phenomena. Finally there are times 
recurring at regular intervals, when the number of brilliant fall- 
ing stars rises almost into the infinite and unfolds upon the heav- 
ens a spectacle of indescribable splendor and sublimity. Whith- 
ersoever the eve turns it may observe luminous bodies shooting 
hither and thither across the sky, which seems filled with a 
gorgeous rain of fire composed of myriads of shining droplets 

The significance of these phenomena is well known. Shooting 
stars are small cosmic masses, which coming into the Earth’s at- 
mosphere actually fall to the ground. They crowd into our at- 
mosphere, lose here their velocity by friction, become heated to 
glowing, in consequence of which they reach the Earth's surface 
in greater part, evaporated and in smaller part, burst asunder 
into ashy fragments. In the true sense of the word, such a star 
shower is in fact, a vigorous bombardment to which our dwel 
ling place is exposed but with the important differenee that the 
projectiles used possess a far greater force than we can impart to 
our instruments of warfare; first because of the much more sig 
nificant mass which the individual bodies often possess, but es 
pecially, on account of the enormously greater velocity with 
which these cosmic masses strike us, amounting to between 12 


and 80 or even more kilometers per second. Against the conse- 
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quences of such collisions by no means unapprehensive or pleas- 
ant to contemplate, to which the abode of humanity is exposed, 
our atmosphere protects us in a prompt and absolutely reliable 
manner. It operates as a protecting mantle which catches up 
the flying projectiles and destroys their disturbing effect almost 
completely. 

If one bears in mind the fact that a large number of small cos- 
mic masses fills the solar system, he is immediately led to seek 
and to find in it the explanation of other formerly enigmatical 
phenomena, e. g. the zodiacal light. 

From the memory of him who has at some time had the good 
fortune to have been in equatorial regions and to witness it 
there, this beautiful and striking phenomenon of the zodiacal light 
will not easily pass away. Shortly after sunset in the western, 
and before sunrise, in the eastern sky there rises from that place 
of the horizon where the Sun sets or rises, a lofty pyramid of 
mellow light reaching often to the zenith and with a cloudless 
sky, it may be perceived daily. But even in our regions one can 
see this phenomenon. In the high altitude of Munich it may be 
seen in February and March in theevening sky andin the months 
of September and October in the morning, quite beautifully de- 
veloped, if the spectator flees the dust-polluted air of the city il- 
luminated by the lights of human dwellings. 


[TO BE CONTINUED. } 


PROBABILITY OF THE EXISTENCE AND DISCOVERY OF 
FOUR INTRA-MERCURIAL PLANETS. 


SEVERINUS J. CORRIGAN 
For POPULAR ASTRONOMY. 


Certain facts disclosed by an investigation, upon which I have 
been engaged for some time, concerning the development of the 
solar system from a primitive, vastly extended, gaseous mass, or 
nebula, indicates quite clearly —as I have good reason to believe 
—that during the total phase of the solar eclipse which occurred 
on July 29th, 1878, Professor James C. Watson, observing at 
Separation, Wyoming, did discover two intra- Mercurial planetary 
bodies, one very near, and the other a little more than half way 
towards the greatest western elongation, the former body having 
a relative mean distance of 0.035 a consequent period of 2.42 
days and an elongation of about 2°, the other body being at an 
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elongation of nearly 643° and having a mean distance of 0.188 
and a period of 20.71 days. 

The diameter of the former body, as theoretically determined 
by me, was, approximately, 110 miles, and the planetary magni- 
tude 4.4, while the diameter of the most westerly of these two 
celestial bodies was nearly 600 miles, and the magnitude 4.4. 
Furthermore, the results of this investigation indicate, as clearly, 
that, at the same place of observation and nearly at the same 
moment, Professor Lewis Swift did discover two other intra- 
Mercurial planetary bodies, one having a relative mean distance 
of 0.062, a period of 5.58 days and a western elongation of not 
far from 3°, this planet being quite near to its greatest elonga- 
tion west of the Sun, while its theoretical diameter was nearly 
150 miles and its magnitude 4.9. 

The second planetary body observed by Professor Swift, on 
this occassion, had, according to my cheoretical determination, a 
mean distance of 0.108,a period of 12 87 days,a diameter of 300 
miles, a megnitude of 4.7 and was toward its greatest elonga- 
tion west of the Sun. 

According to my hypothesis of the development of the solar 
system from a primitive, gaseous nebula, the times of birth of 
these little members of that svstem are very recent when com- 
pared with that of the Earth—or even of Mercury—and as I 
have demonstrated through a thermo. dynamical investigation, 
the details of which cannot, obviously, be set forth in this con- 
nection, the surfaces of, at least, the three inner planetary bodies 
are now at a temperature of about 1300°-1500°, Fahrenheit, 
which corresponds to the red-orange part of the chromatic spec- 
trum, and, therefore, while a portion of the disc of each of these 
bodies is sun-illumined, the intrinsic luminosity of the other por- 
tion must, in each case, impart to the disc a decidedly ruddy tint. 

Now, all of the numerical results set forth above have been de- 
rived through mathematical processes founded upon the princi- 
ples of my hypothesis in regard to the development of the solar 
system from the primitive nebulous mass, but that these hypo- 
thetical conclusions are, quite fully, warranted is, I think, evi- 
denced by the well-known fact that Professor Watson reported 
that on the occasion of the total eclipse of the Sun, which oc- 
curred on July 29th, 1878, he saw two celestial bodies, the first 
having a magnitude of about 4.5 and the second a magnitude of 
approximately 4.0, the former body being situated about 2°, and 
the latter about 614° west of the Sun and south of the ecliptic, 
and that they seemed to possess the distinctive marks of plane- 
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tary bodies—a steady light proceeding from a small but sensible 
disc—and that the light of the one apparently nearest the Sun 
was ‘intensely ruddy.” 

Professor Swift also reported that, on the same occasion, he 
observed two celestial bodies near together and at a westerly 
elongation of approximately 3°, but north of the ecliptic, which 
bodies were both decidedly red and planet-like in appearance, and 
ot about the 5th magnitude, all four of which observed bodies 
completely answer the descriptions of my tour theoretical plan- 
ets, aforesaid, whose orbits lie between that of Mercury and the 
present surface of the Sun. It is true that Professor Watson was 
in doubt as to the planetary character of the most westerly of 
the two bodies observed by him during the period of totality, 
and also that much uncertainty has attached to the reported dis- 
covery by Professor Swift. During the same period but with the 
information now before me,I think that I am justfied in asserting 
that each of these well known astronomers did then truly and 
independently discover two intra-Mercurial planets as atoresaid. 

It appears that these newly discovered members of the solar 
system are, as to demensions, of the order of *‘ planetoids,”’ and 
that even the diameter of the largest of them when directly 
between the Sun and the Earth, subtends an angle of only ahout 


2 Lad = 


2’”.5 which is nearly the mimimum visible 





a mere point—so that 
when the planet, ‘‘in transit,’ is projected upon the Sun’s disc, 
the effect of solar irradiation must be to render it quite invisible 
even through powerful telescopes. 

Furthermore, it is obvious that, to be seen without very great 
difficulty, these bodies must be well toward their greatest elonga- 
tions during the time of total phase, and that since, owing to 
their rapid orbital motion around the Sun they cannot be in such 
position for any considerable time, it must have been quite im- 
possible to observe them during any of the total solar eclipses 
which have occurred since the year 1878. The orbits of these 
four little planets correspond to four of the seven mean distances, 
between Mercury aiid the Sun’s surface, at which, according to 
my hypothesis of the development of the solar system, matter 
has been detached from the Sun to subsequently form planets; so 
that there are probably three other planetary bodies, vet undis- 
covered, nearer to the Sun than any of the four just discussed. 
I think that is quite evident that there is cosmic matter between 
Mercury and the Sun, and that it is in the form of very small 
planetary bodies rather than in that of a considerable planet 
such as the hypothetical Vulcan. 

St. Paul, Minnesota, January, 1897. 
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A CALENDAR FOR MARS 
D. A. DREW 


FoR POPULAR ASTRONOMY 


On account of the interest taken in the subject by the readers of 
POPULAR AsTRONOMY, the editor of that journal has asked this 
Observatory to make a calendar of Mars. In answer to this re- 
quest I have endeavored in the table below to give a brief calen- 
dar of Mars and an approximate comparison of some of the sea- 
sons of the Earth and of that planet. 

According to the position of the equator and axis of rotation 
of Mars given by Herman Struve, the winter solstice of the north- 
ern hemisphere of that planet fell on the 14th of July, 1896, the 
spring equinox on the 15th of December, of the same year, and 
the summer solstice will fall on about the 6th of July, 1897. 

Thus the time in terrestrial days from the winter solstice to the 
spring equinox will be about 159, and from the spring equinox 
to the summer solstice, 199; and the winter and spring in the 
northern hemisphere, and the summer and autumn in the south- 
ern hemisphere will be of these respective lengths. 

3ut our own northern winter contains but about 89 days, and 
spring 93. If now we suppose the Martian year to be divided 
into twelve months, as our own, and that these months are cor- 
respondingly named, and contain a corresponding number of 
days, then the 14th of July, 1896, here, will correspond to the 
21st of December, or the winter solstice on Mars, and the 19th of 
December here, to the 20th of March, or the spring equinox there 

The correspondence of the different days in astronomical titme 
will be as follows: 


TABLE I. 


NORTHERN HEMISPHERI 





Mars Earth Mars Earth Mars Eartl 

Dec. 21 July 14 Jan. 18 Aug. 31 Feb. 15 Oct. 
23 17 Sept } 17 23 
25 21 22 7 19 >> 
27 24 24 iT 21 : 
29 25 >¢ 14 23 Nov 
31 a | 235 17 25 7 

Jan. 2 Aug. 4 21 27 I 
} 7 Feb. I 24 Mat I 14 
6 10 : 28 3 1s 
5 14 5 Oct I 5 21 
10 17 7 5 7 25 
12 21 9 9 9 29 
14 24 11 12 1 De 3 
16 28 12 if I 











A Calendar for Mars. 


Mars. Earth. Mars Earth. Mars. 


Earth. 
15 10 18 18 22 May 2 
17 14 20 22 24 3 
19 18 22 26 26 II 
21 22 April 24 Mar. 3 28 16 
23 20 20 7 30 20 
25 30 28 11 June |! 24 
27 Jan. 3 30 15 3 29 
29 7 May 2 20 5 June 2 
3! VM + 24 7 6 
April 2 15 6 28 9 II 
4 19 § April 2 II 15 
6 24 10 6 13 Ig 
bs) 28 12 iI 15 24 
10 Feb. 1 14 15 17 28 
12 5 16 19 19 July 2 
14 9 1d 2 21 6 
16 14 20 28 


I give below also a table showing approximately the corres- 
pondence between our terrestrial northern summer and autumn 
and the summer and autumn of the Martian southern hemi- 
sphere, supposing the summer and autumn in Mars southern 
hemisphere to be reckoned as ours. 


TABLE II. 


SOUTHERN HEMISPHERE. 


Mars. Earth. Mars Earth. Mars Earth. 
June 2! July 14 Aug. 23 Oct. 25 Oct. 24 Mar. ! 
23 17 25 235 26 5 
25 20 27 31 25 9 
27 23 29 Nov. 4 30 14 
29 26 31 7 Nov. ! 18 
July 1 29 «Sept. | 9 3 23 
3 Aug. 2 3 13 5 27 
5 5 5 17 7 April 1 
7 S 7 2! 9 5 
9 11 9 24 11 10 
II 14 11 28 13 14 
13 17 13 Dec. 2 15 19 
15 21 15 6 17 2 
17 24 17 9 19 28 
19 27 19 13 21 May 2 
21 30 21 17 23 7 
23 Sept. 2 22 1g 25 iI 
25 6 2 23 27 15 
27 9 26 25 29 20 
29 12 25 Jan. I Dec. I 24 
3! 15 30 6 3 29 
Aug. 1 17 Oct. 2 10 5 June 2 
3 20 + 15 7 7 
5 24 6 19 9 iI 
7 27 S 24 11 16 
9 Oct. 1 10 28 13 20 
1 4 12 Feb 2 15 2 
13 7 14 o 17 a 
15 11 16 11 19 July 2 
17 14 1s 15 20 6 
19 18 20 20 
21 21 22 
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We might also construct a calendar for Mars with reference to 
the Martian solar day. The vear on Mars contains about 668 
of his ownsolar days distributed among the seasons of the north- 
ern hemisphere as follows: spring, 194, summer, 176, autumn, 
142, winter, 156. But in order to construct an almanac for this 
planet similar to those we use, we should have to divide the Mar- 
tian year arbitrarily into months and distribute them in the same 
manner among the seasons. 

The position of the axis and equator of Mars are not yet accur- 
ately known, but we do know that the orbit of this planet is 
more eccentric than that of the Earth, and that the axis of rota- 
tion is more inclined to the plane of the orbit than the axis of the 
Earth is to the plane of the ecliptic. We also know that Mars 
passes its aphelion in the late spring of its northern hemisphere, 
and passes its perihelion in the late autumn. The Earth also 
passes its aphelion and perihelion at about the same seasonal 
periods. 

From the above we see that not only are there seasons on 
Mars, but that these seasons correspond most closely to those on 
the Earth, with this difference, that on account of the greater in- 
clination of the axis and the greater eccentricity of the orbit, the 
seasons are more unequal in length and are somewhat more ac- 
centuated so far as heat and cold are concerned. 

To make this clearer we may suppose the length of our seasons 
to be the same relatively as those of Mars’ northern hemisphere. 
Then, the vernal equinox falling on the 20th of March, the sum- 
mer solstice would not fall on the 20th of June, but on the 3d of 
July; and the autumnal equinox would tall on the 8thof October, 
and the winter solstice on the 24th of December. Thus we see 
that the spring and summer of the northern hemisphere are much 
longer than ours, and in the southern hemisphere the autumn 
and winter are longer. 

LOWELL OBSERVATORY, Crry OF MEXICO, 

Dec. 23, 1896. 


NORTHERN CIRCUMPOLAR VARIABLES. II. 


TT A. PARKHURST 


PoR POPULAR ASTRONOMY 

In continuation of the list in the January number, the variables 
between + 50° and + 60° are here given. They offer a larger va- 
riety than the first list, and include some very interesting stars. 








107 
209 
294 
659 
678 


691 
793 
814 
980 


1855 
2478 
5157 


5768 


6005 
6449 
7220 


7783 


7803 
S073 
8116 
R324 
R600 


107 
209 
294 
659 
6738 


691 
798 
S14 
980 


1855 
2478 
5157 


5768 


6005 
6449 
7220 


T7783 


7803 
8073 
8116 
8324 
S600 


Star 


T Cassiv-pecze 
ce Cassio pez 


W Cassiopece 
X Cassiopeze 


U Persei 


W lersei 
T ¢ ersei 
S Persei 
V Persei 


R Aurigw 
R Lyncis 
S Bootis 
RR Herculis 


S Draconis 
T Draconis 
S Cygni 
RU Cygni 
we Cephei 

5 Cephei 
W Cephei 


V Cassiopex 
R Casstopeze 


M. 

240 14 
122 3 
2 

7 

248 17 
143 10 
126 35 
216 2 
150: 32 
5 


1°14°.6 289 
105 
188 oD 
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TABLE 
1900, 
R.A Decl 
h m , 
O 17 1955 «14. 
( 34 5055 59 
0 48 5958 0 
1 49 4658 5 
1 52 5654 20. 
1 6&5 656 15 
2 12 1258 29 
2 15° 41/58 ta 
2 43 1556. 34 
5 9 1353 28 
6 53 355 28 
i4 19 3254 15 
16 1 2850 46 
16 40 4655 ac 
i7 54 5158 18. 
20 3 2457 41. 
21 is 6 (6I9 638 6&2 
21 40 2758 19 
2e 25 275 54 
26 32 3957 S4 
23 7 2259 8 
23 53 1950 49 
TABLE 
sSasis of Elements 

m,. Dates jucluded, 

7 1842,57,71—94 


1 


0 


1887, 94, 96 
1894, 95 
ISS9—96 


1862—74, 79.94 
1874+. 84—95 
1865-95 


1894, 95 
1841, 60 
1890—94 


1785—1889 


1857, 
1850 


93—96 


95 


3. 
Red- Magnitude. rashes 
LeRS Max Min days 
Bi 4.0 14.0 8.0 11.0—126 445 
3 i) Fe 28 lirey 
9 - 86 11.4 314: 
9 6 93 9.5 12 £2¢ 
164 7.2 8.2 11.6 318 : 
— 93 tS _ 
> + 8.2 93 Irreg 
Ss 5 §$.3—-8610.5—13 Irreg 
1 53.0 m* 9.0 — 10.5 — 
‘6.5 6s 7:8:225 12 7 4602 
148 78 8.0 13 380.0 
S28 2.4 85 12.5— 132 268 24 
os 63 7.8 9.5 _ 
2 70 7.2 8 2 9.3 
6 — 8.2 Py 135 
9 5.1 8.8—11.3 145 322.8+- 
2 75 9.2 396 
32 62 1 5: Irreg. 
2 2 a4 +.9 y SS 
4+ 4.5 7.3 8.3 — 
4 — 7.1 8.0 12 4 229 
9 6.5 4.8 7.0 9.7—12 $29 5+ 
+. 
Prediction 1897 \perture 
es 
Max Min Max Min No 
Nomax. May 20 2 5 5 
Mar. 30 Oct. 8 3 5 3S 
No max. 4 6 38 
Oct. 17 3 > is 
38 
3 | 5 
3 6 5 
2 > 38 
No max. June 24 2 6 6 
Aug. 5 Mar. 15 3 6 5 
Mar. 23 Aug. 3 3 6 6 
2 3 Ss 
3 3 9 
May 15 Dec 20 3 5 38 
May 3 Oct. 20 1 15 6 
Dec. 7 No. min. 2 3 38 
2 3 38 
Jan. 16 May 20 3 6 15 
Dec. 30 June 25 2 5 6 
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The following, being near naked eye stars, can be identified with- 
out finding circles: 
107 212° preceding @ Cassiopea 
294 22’ South of v* Cassiopea 
980 114° North ot 7 Perse 
5157 114° North of 4 Bootis 
6449 11° North tollowing € Draconis 
For a detailed explanation of the tables see page 370 of the Jan- 
uary number. 


NOTES 


(The matter in quotation marks is taken from Chandler's 
Third Catalogue). 

107. ‘Discovered by Krueger, 1870. Light curve flat at 
maximum, with sometimes asecondary minimum near this phase. 
S mag. star following 10°, 07.5N."" It is No. 36 of Krueger's 
Catalogue of Colored Stars, spectrum type III, redness 8.5. 

209. ‘Discovered by Birt, 1831; confirmed by Sir John 
Herschell and others. Variation only occasionally evident 
Argelander found period 79 days, uncertain.’” A naked-eye star, 
so no chart is needed. Too difficult for a beginner. 

294. ‘Discovered by Espin, (1888?) 1894; confirmed by J. 
\. Parkhurst.”’ It is No. 67 of Krueger's Catalogue, who finds 

Astronomische Nachrichten No. 3303) the redness 8.0, spectrum 
banded, but too weak to determine the type. This is not a difh- 
cult star to observe. 


294 W Cassiopeae 659 X Cassiopeae 
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659. ‘ Discovered bv Espin, 1895; confirmed by J. A. Park- 


hurst.”’ The third of a line of four faint stars, stretching from 
north preceeding to south following in the field with D. M. 
t 08°, 331, 7.5 mag., and D. M. + 58°,334, 9.2 may. This star 


is very red and difficult to observe. It seems to he somewhat ir- 
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regular, as it passed a faint maximum, 10.2 mag. 1896, Oct. 8, 
55 days before the predicted time. 

678. ‘Discovered by Fleming, 1890; confirmed by Yendell 
and Reed.”’ This star was first entered by Chandler as irregular, 
but the anomalies were explaiued by Yendell, who found two 
secondary maxima. With these taken into account, it follows 
the ephemeris fairly well. I have observed three minima, which 
give the M— m= 168 days. From this the next minimum 
would be due 1897, May 2. 

691. ‘Found on the Harvard College Observatory photo- 
graphs, 1887. Not since seen there or elsewhere.”’ It is classed 
by Pickering (H. C. O. Circular, No. 4) as a ‘‘new star,” as eight 
photographic images of it were obtained in 1887. 


691 W Persei 
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793. ‘Discovered by Satarik, 1882.—Either irregular or 
rudely periodic, with period of several months.” 

814. ‘Discovered by Krueger, 1872. Probably irregular. 
Safarik and Hagen think it rudely periodic, in long period, 2's 
years. 10 mag. star following 2°, 1’.1 north.” 

980. ‘ Discovered by Espin, 1893; confirmed by Yendell, also 
by Hartwig who thinks period is 358 days.” 

1855. ‘Discovered at Bonn, 1862. Schénfeld notes, and 
Chandler's observations confirm the unusual phenomenon of a 
‘stand-still’ during increase at about 9 mag., from 2 to 4 months 
before maximum. 9 mag. preceeding 5 sec. 0’.6 south.” 

2478. ‘Discovered by Krueger 1870-74, confirmed by Schén- 
feld. 10 mag. following 20 sec., 2’.3 north. 10 mag. preceding 
11 sec., 3’.5 north.” It is No. 655 of Krueger’s Catalogue of 
Colored Stars, reddish, spectrum type III. 

5157. ‘Discovered at Bonn, 1860. Variation of period, as 
indicated by the elements, very certainly established.”’ The ele- 
ments in full are 
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1863, May 10 (240 1636) + 268.2E + 0.246E’ — 0.005E 
This is a good star for a beginner. 

5768. ‘* Discovered by Espin, 1894; confirmed by Yendell.’ 
Observations would be especially welcome, as the period is still 
unknown. 

6005. ‘‘Suspected by Espin, 1892; proved by Yendell.”” Pro- 
bably irregular, observations needed 


6449 T Draconis 5768 RR Herculis. 
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6449. ‘‘Suspected by Espin, 1894; proved by J. A. Park 
hurst.’’ The presence of a companion, 10.5 mag., 17” south pre- 
ceding, requires the use of a higher power for observations near 
minimum. The variable was fainter than this companion tw 
months in 1895 and three months in 1896 

7220. ‘Discovered at Bonn, 1860. Secondary phases neat 
maximum. 8.9 mag. following 1 sec., 0’.8 north.”’ Visible in the 
15-inch refractor at Madison, Wis., for about three months be- 
fore and three months after maximum. A large aperture is 
needed to determine its minimum magnitude. 
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7783. ‘Suspected by Espin, 1890; proved by Yendell and 
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Reed.’ It is rated by Espin as very red, spectrum type III. It 
is a rather difficult star to observe. 

7803 ‘‘Suspected by Hind 1848; confirmed by Argelander.” 
A naked-eve star so no chart is needed. 

8073. ‘Discovered by Goodricke 1784."" This star has been 
the subject of elaborate investigation by noted astronomers, and 
should be left for the professionals. It is shown on the chart for 
$116. 

8116. ‘Discovered by Espin, 1885; confirmed by Yendell and 
J. A. Parkhurst.’’ Yendell has published a long series of obser- 
vations in Astronomical Journal No. 340, giving the elements 

Maximum 1893, Nov. 101, Gr. M. T. + 6d.44E. 
but noting large irregularities. The period seems to be in doubt, 
and investigations are now in progress which will probably 
throw light on its behavior. It is 7" following 6 Cephei. 

8324. ‘Discovered by Anderson, 1893; confirmed by Hart- 
wig.’’ A very interesting,star, as its light range is considerable, 
its changes at times rapid, and the comparison stars well placed. 
Both maxima and minima are well defined and permit good de- 
terminations of the period. 

8600. ‘Discovered by Pogson, 1853. 10 mag. preceding 0.5 
sec., 0’.6N."" Considerable differences exist between late deter- 
minations of its minima so that observations would be welcome. 


WHERE DID MARS GET ITS MOONS? 


E. MILLER 


POR POPULAR ASTRONOMY 


Newton's law of universal gravitation is exemplified in the 
movements of all the heavenly bodies, without exception. The 
illustration nearest to us is that of our solar system. Planets, 
meteoric swarms, are con- 
trolled by it, and cannot escape from its power under any circun- 


asteroids, satellites, meteors, and 


stances. It makes no difference whether the body moves in an 
elliptic, parabolic, or hyperbolic orbit, or in the direction of a 
right line, in any case the law holds good. The body moving 
may have such a marvelous velocity as to break away from the 
attraction of other bodies, vet the law remains in operation. In 
multiple systems of stars, some of whose orbits have been deter- 
mined, and others whose orbits are now being investigated, the 


law is found to be valid. It is fair, therefore, to presume from 
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analogy that the universe of matter is all subject to the law that 
celestial bodies everywhere act upon each other directly as their 
masses and inversely as the squares of their distances: 

It is true that the motion of a body in space may be so great 
as to effectually prevent the operation of the law, in spite of the 
attracting force of any other body, or of a number of others, o1 
of an indefinitely great number of them, among which the mov 
ing body is passing. No. 1830 Groombridge is an example of a 
star traversing the celestial spaces at a velocity such that in the 
course of a great number of vears the star will escape from the 
contines of our stellar system, and be forever after lost to our 
sight. Somewhere, sometime, in the far distant future, 1830 
Groombridge will be compelled to slacken speed, and acknowl- 
edge the supremacy of the law of universal gravitation, and will 
then no longer ‘devour its way,” at the rate of 280 miles pet 
second. In other words it will become a captive star amenable 
to law, and be obliged to travel in an orbit of somesort or other 
Illustrations of the capture theory are to be found in our own 
solar system, especially in the case of comets that have entered 
the system from outer space, and also of those remains of dis 
integrated comets—meteoric swarms. There are families of com 
ets belonging to our system, that became members of it through 
the powerful influence of the giant planets. In every case of a 
comet of short period of revolution, its orbit is found to be at 
certain points very close to the orbit of Jupiter, and when the 
comet's path crosses that of Jupiter, as Professor Young says, 
‘‘one of the nodes is always near the place of apparent intersec 
tion, and if Jupiter were at that point of its orbit at the time 
when the comet was passing, the two bodies would really be very 
near to each other. The fact as we shall see, is a very significaut 
one, pointing to a connection between these erratic bodies and 
the planet. This is true for all the comets whose periods are less 
than eight vears.’’ Some one has recently suggested that the 
fifth moon of Jupiter is the result of a capture of a comet by the 
planet. Isit not possible that some of the moons of the giant 
planets, may have been comets taken on the wing, so to speak, 
and subsequently transformed into satellites ? 

May not the movements of large comets passing through our 
system, hundreds of thousands of years ago, account for the 
backward revolution of the satellites of Uranus and Neptune? 
In the satellite svstem of Uranus, which apparently contradicts 
the theory of the nebular hypothesis, the plane of the orbits of 
the Moons is inclined at an angle of 89°.2 to the plane of the 
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ecliptic. We know that the inclinations of the orbits of comets 
range all the way from 0° to 90°. Now, putting these two facts 
together, we may see, first, that if the moons o! Uranus and 
Neptune were formed in harmony with the nebular hypothesis, 
they acquired their anomalous backward movement of revolu- 
tion around their primaries through the proximity of one or 
more large comets that at the time of the change were passir g 
through our system; or, second, the comets moving along orbits 
that were at certain points close to the orbits of the planets, 
were so completely captured as to have their cometary orbits 
destroyed, and they themselves transformed into moons, ever 
after to exist as the moons or comet-satellites of Uranus and 
Neptune. In this manner comets transformed into moons or 
comet-satellites would, by the superior attraction of the planets 
and their proximity necessarily change the character of their 
orbits from that of the parabola to that of the ellipse. 

Farther, instead of revolving around both the sun and _ their 
captors, as many of them now do, with the Sun in the principal 
focus, the comet-satellites would move as do the moons of Jupiter 
and Saturn, merely attendants upon their primaries as the latter 
revolve about the Sun. It is pertinent to inquire how a comet 
with a tail 50 or 100 millions of miles long, can be changed into 
a moon-like body. The nebular hypothes.s tells how planets and 
satellites are formed out of that rotating masses of nebulous 
matter: how a portion of that matter is thrown off, of which a 
controlling central mass has power sufficient to attract to itself 
all the other particles belonging to it; and how there results 
from this operation a compact body lke that of a moon. A 
comet has a nucleus from which extends a tail longer or shorter 
as the case may be. Near to and under the tremendous attrac- 
tion of a giant planet, the motion of the comet in its orbit will 
be set up; an attraction will begin to be exerted upon that part 
of the tail nearest the nucleus, and a drift of cometary matter 
started at once towards the now more powerlul centre of at- 
traction located in the nucleus; and this attracting foree will in- 
crease as long as the cometary matter of the tail continues to 
flow toward the head. Portions of the tail may be lost in space, 
to be ever after invisible, or become a meteoric swarm. 

When our solar system was stillin a nebulous condition; and 
rings of matter were beginning to be thrown off, in all probabil- 
itv nebulous patches or wisps became disengaged, some from the 
original nebulous field, and afterwards some from the planetary 
masses, and these in time began to exert a powerful influence 
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upon other portions destined to become satellites. The disturb- 
ing effects of the nebulous wisps exerted in every direction were 
sufficient to produce the backward movements of some of the 
moons. 

This theory of necessity implies that the comets or the nebu- 
lous patches may have been in that early formative state vastly 
more numerous than now, and of greater mass and density than 
the satellites themselves, or rather the masses out of which the 
satellites were formed. Otherwise such wonderful results could 
not have been produced. It may be supposed too, that the 
nebulous patches or wisps referred to, were assisted by immense 
cometary bodies that had not vet lost much of their matter by 
disintegration. The interplaretary spaces may have have been 
full of nebulous wisps and comets, each working out its own 
destiny, and influencing the destiny of its neighbors, at the time 
of the world-making of our system \n examination of the 
nebule in Canes Venatici, in Virgo, in Orion and of the wisps 
around the Pleiades, will show almost beyond a doubt how such 
wisp-like and cometary forms do their work. The well known 
law of a moving body—that it will continue to move in the di- 
rection given it by the original impulse, just so long as it remains 
solely under the control of that impulse—is universally true; but 
when acted upon by some other force not in the same line, its 
direction will be changed, and the body will move along the 
resultant line. So it was with the nebulous patches that after- 
ward became planets or satellites; but those that failed to ma 
terialize as planets or satellites, as well as the comets that 
were not transformed into cometary satellites or meteoric 
swarms, escaped from our system, and so doing left their impress 
upon some of the members of the solar system, as in the case of 
the moons of Uranus and Neptune. Their size and numbet 
would find better conditions for producing anomalous results on 
those far distant fields of space, than their diminished size and 
number would find hundreds of millions of miles nearer the cen 
tre of the nebulous mass about which all were revolving 

The disturbing force, however great, that was exerted by them 
was not powertul enough to draw the satellites away from the 
vrip of their primaries. Suppose some great attracting force 
should appear in the midst of, or near to, the Jovian system, at 
once the moons of that planet would be more or less disturbed; 
their movements would be radically changed, or Jupiter might 
lose them altogether. A comet of immense mass, such as La- 


place suggested as a possibility, might even destroy the mechan- 
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ism of the Jovian system entirely. The same may be said of both 
the Saturnian system, and the Earth. Moon system. 

There lies between the orbits of Mars and Jupiter a belt of tiny 
planets, the so-called asteroids, of which more than 400 have 
been discovered, and to the list of which new ones are added 
every vear. Whether they came into existence, each as an inde- 
pendent body; or all were formed originally out of the nebula as 
a single planet, like the Earth or Mars, and then by a series of 
explosions, first of the planet itself, and then of the fragments as 
they were hurled in various directions into space; or still in the 
form of a planet, it was struck by some immenee body on its 
way through the solar system from the depths of space--a comet 
or other unknown visitor—it matters not. Some of these little : 
bodies have great eccentricity of orbit. Liberatrix, the 125th of 
the asteroids, discovered by Prosper Henry in 1872, is when ‘ 
nearest the Sun 184 millions of miles distant from that luminary, 
and when tarthest, the distance is increased to 880 millions, mak- 
ing the longest axis of its orbit vastly greater than its shortest. 
Aethra, the 132d., discovered by Watson in 18793, is a little over 
149 millions of miles distant when nearest the Sun, and 333 mil- 
lions of miles when farthest away. The longest axis of Aethra 
is at least 184 millions of miles longer than its shortest. 

(TO BE CONTINUED. ) 


Nore.— The remainder of the above article will appear next 
time. It is deferred because the proofs and copy of cuts for useful 
illustration have been lost in the mail. Such irregularities in the 
mails are very rare.—Eb. | 





A NIGHT WITH ORION’ 


Capt. WM. NOBLE, F.R.A.S., F.R. M.S 


Now that the magnificent constellation of Orion is on the 
meridian at an early hour of the night, the astronomical neo- 


* This article and the two following it were secured by Miss Mary Proctor, 
of New York City who is hereafter to assist editorially in furnishing matter for 
students, amateurs and popular readers. We heartily welcome to our pages such 
well-known and able contributors as Capt. Noble, Miss Clerke and David Gill. 
American readers know them and will gladly hear trom them often.—E d. | 








Capt. Wm. Noble £29 
phyte armed with a telescope of 4 inches in aperture, or even less, 
may take a valuable practical lesson by devoting an evening to 
the scrutiny of some of the wonders and beauties of the Giant’s 
representment in the celestial vault. I shall presume that the 
reader has a sufficient naked eve acquaintance with the heavens 
to recognize the constellation at once. In the subjoined diagram 





in addition te the 7 principal stars in the splendid asterism, will 
be found the objects marked which I shall immediately proceed 
to describe. I shall do so in the order of their right asvension, so 
that we shall travel across the constellation from west to east. 
Our first object then thall be 14 Orionis, a 6th magnitude star 
with a very close companion to the northwest of y in Orion’s 
shoulder. Suppose that our imaginary ol server is using a 4- 
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inch telescope with the highest power at his command, he ought 
just barely to divide this. Probably, however, he will only see 
it as a star elongated in the direction NW. and SE. The next 
object we will look up is » whose components are of the 4.7 and 
8.5 magnitudes, the larger star being of a strong vellow tint and 
the minute companion (to the ENE of it) a fine blue. And next 
we come to Rigel, that favorite test for telescopes of small aper- 
ture. The principal star / is rated as of the 0.38 magnitude. 
Smyth described it as yellow, but it is now certainly rather blue 
than yellow. The Sth magnitude companion lies to the S. by W. 
of its primary and between 9” and 10” from it. 7 Orionis will 
only be elongated under the most favorable possible circumstan- 
ces in such an instrument as I suppose the observer to be using. 
¥° is a beautiful object, but, owing to the minute size of the 
comes and its proximity to it is decidedly a difficult one. The 
components are of the 5.5 and 11th magnitudes respectively, are 
yellow and blue and are only 2”.8 apart. 31 isa very unequal 
pair (5.8 and 11th mags.) btit they are 12”.7 apart. A 4-inch 
or some 8.5 inch telescope ought to show it well. Here again 
the large star is yellow and the smaller one blue. 82, another 
pair, can only be seen as a single star with such an instrument 
as the student is supposed to be using, but 43 is an easier object, 
though quite sufficiently difficult for a beginner. The components 
are of the 6 and 7.3 magnitudes, and are 1.9 apart. The larger 
star is white, the companion bluish. 0, the top or right-hand 
star in the belt has a distant 68 magnitude companion, 52’’.7 
off. A, in the giant’s face, is a charming little pair 4.2 apart, 
the 4th magnitude component being of a yellowish white, and 
the 6th magnitude one purple. It lies ina rich field. And now 
we arrive at one of the most wonderful sights in the whole sky. 
I mean that astonishing object the great nebula surrounding 4 in 
Orion’s sword handle, the 42d object in Messier’s Catalogue. In 
the telescope it at first sight suggests the idea of a flocculent 
mass of luminous cotton-wool, and it requires careful and pro- 
longed study to detect anything of the mass of intricate detail 
that it exhibits In the heart of it will be found a remarkable 
little trapezium of stars which in the aggregate form 4; they are 
rated as of the 6th, 7th, 7% and Sth magnitudes. If the student 
should possess sufficiently keen vision, he may possibly pick up a 
fifth star just astride of a line joining the two left-hand stars in the 
trapezium. Nevertheless, the nebula proper, wide as is the area 
which it covers as seen visually, photography has revealed the 
astonishing fact that it extends over nearly the whole of the con- 
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stellation. Of the absolutely stupendous area in space which 
perforce must be occupied by these countless billions of cubic 
miles of glowing gas (for so the spectroscope has shown it to be) 
it is simply impossible to form any intelligent conception. The 
mind reels at the mere effort todo so. Having gazed his fill at 
this wondrous sight my imaginary observer, by lowering his tel- 
escope very slightly, will get that pretty double, or rather triple 
object 4, into the field, and will at once notice the aggregation of 
nebulous matter round it in the shape of a glow 


porent ts a star of the 3.2 magnitude; that of the principai coin 


. i 
panion (lying to the southeast of ¢ at a distance of 11.3) 7.3 


The chief com- 


while east by south of the large star and about 50” from it, the 
triplet is completed by a star of the 11th magnitude. Our next 
object shall be 6, a multiple star just to the southwest of ¢ in the 
belt. There are eight or more stars in this group and it will 
afford excellent practice to the beginner toendeavor tosketch them 
on paper in their relative magnitudes and positions. But ournight 
is by this time waning and the glorious constellation over which 
we have been travelling is approaching the west. With one more 
beautiful object on it then I will conclude. It is , the lowest or 
most easterly star of the three in the giant’s belt consisting of 
one close pair (2.3 apart) of the 2d and 5.7 magnitudes and the 
third a 10th magnitude 57” off. The principal stars are yellow- 
ish and of a lilac tint, the minute comes of a neutral tint. In the 
foregoing description I have simply selected a few of the numer- 
ous objects which go to make up this glorious constellation. If 
I have succeeded in sufficiently interesting the student in it, he 
will find ample work—and an ample reward—in the discovery of 
others for himself. 


IS STAR STREWN SPACE INFINITE ? 
A. M. CLERKI 


For POPULAR ASTRONOMY 


Cardinal Cusa, one of the leading Christian Platonists of the 
fifteenth century, defined the universe as a sphere with its centre 
everywhere, and its circumference nowhere. This is evidently a 
purely metaphysical conception, framed with no_ relation 
to actual facts, even if any facts had at that time been 
available, with which to confront it. The case is now differ- 
ent. We have learned that the results of sublunary experience 
apply to the heavens. Thus speculation regarding their ex- 
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tent and contents can be, in some degree, controlled. Professor 
Seeliger, of Munich, has, accordingly, adverted to one con- 
sequence necessarily attending the realization of the Cardinal's 
scheme which he has unconsciously adopted. It is true, he 
stipulates for a centre somewhere, instead of nowhere. But 
the difference is illusory, and the mediawval way of putting 
it was more truly philosophical. The Professor’s world of stars 
may be succinctly described as an infinite globular cluster, the 
velocities of the bodies composing which should range from 
zero to infinity. They would be acceleraeed outward without 
ever reaching a maximum. Now infinite motion, when one comes 
tothink about it, is indistinguishable from absolute rest; and ab- 
solute rest is itself incomprehensible. M. Seeliger, being a sane 
man, as well as an able mathematician admits the impossibility 
of such a result; but is driven by it, not to recast his scheme of 
the universe, but to modify the law of gravitation, (Astronom- 
ische Nachrichten, No. 3273). This is at best a doubtful expedi- 
ent. ‘ 

Dr. Charlier, of Upsala, treats the matter after a different fash- 
ion.” He looks at it under its concrete aspect. What was the 
available evidence? he first enquired. To his surprise, he found it 
to be adverse to his prepossessions. Modern research has swept 
out of the seas of space the endless archipelago of co-ordinate 
star-systems formerly supposed to occupy them, and has collected 
all the nebula, without exception into the harbour of the Milky 
Way. Further, the Milky Way itself has been, in many places, 
telescopically sounded. All this, as Dr. Charlier candidly states, 
is detrimental to sound philosophy as he understands it; which 
he is, nevertheless, loyally prepared to sacrifice in the interests of 
truth. Yet he still clings to the hope that the upshot of the In- 
ternational Photographic Survey will be to sanction, at least 
negatively, the idea that the world of stars extends to infinity 
along the plane of the Milky Way. 

He has not indeed committed himself to its adoption. Nor 
could he, as a serious thinker, do so; for it involves a patent ab- 
surdity. There is no compromising with the Infinite. An aggre- 
gation cannot be bounded here, and boundless there. But it has 
been shown experimentally that the star-supplies run out pretty 
quickly outside the plane of the Milky Way.+ In those directions 
accordingly, star-strewn space is assuredly not endless. Let us, 
however, look at the Milky Way itself. It is composed of a suc- 


* © Ist die weldt endlich oder unendlich in Raum und Zeit ?’’ Marburg, 1896. 
+ See the present writer's ‘System of the Stars,’ p. 383. 








A. M. Clerke. £33 


cession of dense star-drifts and star-clouds, intermixed with yas- 
eous nebule, and separated by black rifts, from which luminous 
matter has, apparently, been expelled. The bright galactic 
masses have not been, and perhaps never will be, completely ana- 
lvzed by telescope or camera. But as the late Mr. Proctor tre- 
quently insisted, they do not represent indefinite stellar exten- 
sions, but definite stellar formations. Their compactness, not 
their prolongation in the line of sight, renders them unfathom- 
able. The Milky Way, then, is made up of a finite number of 
star-collections, each of finite dimensions; while the remainder 
ot the sky, instead of being veiled with shining orbs, thick set in 
endless backward files, shows a clear background sprinkled with 
stars, the proportionate numbers of which diminish rapidly 
with penetration into the ethereal abvsses. It may be added 
that the local peculiarities and differences of stellar distribution 
especially when they are regarded in connection with certain cor- 
responding facts of nebular distrilution, are utterly inexplicable 
by any kind of light-absorption or lght-extinction. The star- 
depths, as Sir John Herschel distinetly perceived, are open, but, 
hbevond a certain point empty. 

In actual fact, an infinite universe would be a chaos, not a 
cosmos. Undisciplined by measure, the physical forces would 
run riot init. It could have no structure, no parts, no intelligi- 
ble plan. To our puny investigations, it would present the blank 
aspect of an eternally insoluble enigma. What is unbounded is 
inaccessible to research. But what, in reality, do we see in the 
heavens? Evidences everwhere in order, of the subordination of 
parts to a whole, of development under controlling law, of mar- 
vellous, if sometimes inscrutable design. The stars and nebulez 
form together a stupendous system, framed on lines dimly sig- 
nificant of an origin, and progressive relations. But a system 
cannot be infinite—not, at any rate, in a sense intelligible to the 
human intellect 

Mathematically, the hypothesis of an infinite world leads at 
once to an absurd result. For, designating the solar system by 
the letter S, and all other cosmical bodies taken together as U, 
the expression U + S denotes the entire sum of things. Then let 
U be indefinitely increased: in the limit, when it becomes infinite, 
S dwindles to zero. To infinity nothing can be added. The an- 
nihilation of the solar system thus results, by legitimate reason- 
ing, from the unlimited extension of the stellar universe. Nor is 
this an unmeaning juggle with symbols. It illustrates the truth 
that a numerical infinity is inconceivable—that discrete quantity 
is by its nature finite. 
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Both observation and rational inference indeed, while setting 
no bounds to the display of creative energy, enforce belief in a 
terminated sidereal world; only a certain horror vacui in the 
human mind shrinks back from the void bevond, and evokes im- 
aginary stellar populaces to inhabit imaginary wildernesses. 
For empty space is a phantom. Space isa relation, not a thing. 
It is like a collapsable bag. Because of its contents, it bulks 
large. Remove them, and it sinks into negligeability. 


VARIABLE STARS. 
WALTER J. GILL, Jr. 


Fork PoPULAR ASTRONOMY 

Scattered over the sky are several hundred stars whose light 
varies in periods more or less regular. These are known as vari- 
able stars, and a careful study’ shows us that each variable has 
its own peculiarities as to change in light, length of time in which 
such change is accomplished, or as it is called the period, and its 
eolor; for although variables as a rule arered, many shades exist, 
from a light vellow to the deepest red, and the stronger the color 
the longer the period. 

They are, however, divided into classes in regard to amount of 
variation, length of period, and character of light curve. There 
are three principal classes and although many varieties exist in 
each, there are certain characteristicscommon to the stars of any 
one class, which distinguish it from any others. 

I. Long period variables, which undergo more or less change 
of light in periods of from a few months to a few years. The 
greater part of the known variables belong to this class. For 
example, 0 Ceti (Mira). x Cvgni, ete. 

II. Short period variables, whose changes in light are not 
great and are accomplished in a few days or weeks. For exam- 
ple 7 Aquilz, T Monocerotis, etc. 

III. Algol tvpe variables, which every few days undergo a 
diminution of light which lasts a few hours and during the rest 
of the time remain at their normal brightness. This diminution 
occurs with great regularity, and the amount is small in some 
‘ases and larger in others. For example / Persei (Algol), U 
Cephei, etc. 

But you will say why do some of the stars vary in this strange 
manner? This is one of the many unsolved questions of astron- 
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omy and although many theories have been brought forward to 
account for it, almost all lack in some respect or other, except in 
the case of Algol, where the spectroscope has shown that the 
diminution of light is caused by a partial eclipse of the bright 
star by a dark companion. Further than this the whole question 
remains an enigma. More study and investigation may reveal 
to us the exact cause of this phenomenon; but till then, we must 
remain contemplative before the works of the Great Creator. 

The number of known variables at present is abont 400, ac 
cording to the latest and most complete presentation of the sub 
ject, Chandler’s Third Catalogue. Of these 400 about one-hal 
have been discovered within the last ten, and nearly all within 
the last fifty years. This shows that the systematic study of 
rariables is a comparatively modern branch of astronomy and it 
is, 1 think, best adapted to amateurs, who having modest equip- 
ments and knowledge, are desirous of doing some work which 
may be of value, yet are comparatively barred out from double 
star, planetary, spectroscopic or photographic work owing to 
the more extended equipment and knowledge needed to pursue 
these branches. To all such the study of variable stars will earn- 
estly appeal. Little or no instrumental equipment is needed in 
order to obtain good results, in fact with an opera-glass or even 
the naked eye, after a little practice, the observer can obtain re- 
sults which will be of much value in increasing our knowledge of 
the subjeet. If the observer possess a small telescope, he can em- 
ploy it no better than by using it on these stars. A three-inch 
glass will be sufficient for observing the maxima of nearly all the 
long period variables, and will follow many through their whole 
period; while with a larger instrument the observer can follow 
stars beyond the reach of smaller apertures. 

As to the best stars for an amateur to ob-erve, charts and par- 
ticulars of the same, manner of making and recording his obser- 
rations, deducing therefrom the times of greatest and least bril- 
lianecy, (maximum and minimum) the magnitudes and other nec- 
essary information, I can do no better than refer the reader to 
Mr. J. A. Parkhurst’s articles on *“* Variable Stars”’ in past num- 
bers of PopuLAR ASTRONOMY, especially those of Vol. 1, and Mr 
P.S. Yendell’s articles on Short Period Variables in Vol. II of the 
same publication. These give far more instruction than I should 
be able to do and I would recommend every amateur beginning 
this interesting line of work to read them. 

Do not be discouraged if your work does not agree with that 
of others; all are liable to err and even the results of the best ob- 
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servers will frequently be at variance. Do not feel you have not 
knowledge and experience enough to undertake this work, perse- 
verance, patience and practice will surely yield good fruit. Above 
all, do not fall into the error of making your observations as you 
think the star should be; but make them as the star is. If you 
practice the former method you will never attain any degree of 
excellence as an observer, for that can be obtained only by the 
persistent practice of the latter. 


EVENINGS WITH THE STARS. 
MARY PROCTOR. 


During the month of February, (Ursa Major) the Great Bear, occupies the 
northeast, (Ursa Minor) the Little Bear, being midway between the north and 
the point overhead. To the northwest, are the constellations Cepheus, Cas- 
siopeia, and Andromeda, Pegasus setting in the west. The Camelopard (Cam- 
elopardalis) is midway between the Great Bear and Cepheus. Beyond Andromeda, 
is Perseus, the Rescuing Knight, and nearly overhead is (Auriga) the Charioteer, 
with its leading brilliant Capella. Aries is midway between the point overhead 
and the western horizon and to the left of Andromeda, whilst the constellation 
of the Triangles is between them. The Whale (Cetus) (noted for its variable star 
Mira) is beginning to set toward the southwest, the River (Eridanus) extending 
along the southwesterly part of the sky. The Dove (Columba) is nearly due 
south, and above it is the Hare, on which Orion is treading. The Giant is now 
well placed for observation, the three stars in the belt pointing downwards to 
the bright star Sirius in the constellation of (Canis Major, the Great Dog). 
Above it is (Canis Minor) the Little Dog, with its leading brilliant Procyon. The 
ship Argo, is nearing the south, and the Sca Serpent is rearing its tall neck above 
the eastern horizon. Very high in the southeast are the stars Castor and Pollux 
(Gemini), the Twins, and beside them (Cancer) the Crab, with its pretty Beehive 
cluster showing well in clear weather. Towards the eastern horizon, is (/eo). 
the Lion, with its leading brilliant Regu/us, whilst towards the northeast is 
(Coma Berenices) Queen Berenice’s Hair, the Hunting Dogs, (Canum Ven.) occu- 
pying the space between Berenice’s Hair and the Great Bear. 


Sirius, THE Famous DcG STar 


The constellation Canis Major is chiefly remarkable for Sirius, the Dog-star. 
In the rerote ages, its rising and setting was watched with deep interest. The 
ancient Thebans, we are told, dete: mined the length of the vear by the number of 
its risings. The Egyptians watched its rising with mingled apprehensions of 
hope and fear, as it foretold to them the rising of the Nile, which they called Siris, 
and admonished them when to sow. The eastern nations generally believed the 
rising of Sirius would be productive of great heat on the earth. Thus Virgil 
wrote: 

**Parched was the grass, and blighted was the corn 
Nor ‘scape the beasts; for Sirius from on high, 

With pestilential heat infests the sky.” 
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Accordingly, to that season of the year when Sirius rose with the Sun and 
seemed to blend its own influence with the heat of that luminary, the ancients 
gave it the name of Dog Star. At that remote period the Dog-days commenced 
on the 4th of August, or four days after the summer solstice, and lasted forty 
days or until the 14th of September. At present, the dog-days begin on the 3rd 
of July and continue to the 11th of August, being one day less than the ancients 
reckoned. Hence, it is plain that the dop-days of the modern times, have no 
reference whatever to the rising of Sirius, or any other star, because the time ot 
their rising is perpetually accelerated by the precession of the equinoxes; and they 
only have reference therefore to the summer solstice which never changes its posi 


tion with respect to the seasons. It may be perplexing, to understand how the 


Dog-star, which ts not seen until mid-winter, should be associated with the most 
fervid heat of summer, but this is explained by the tact, that this star is over our 
heads in the daytime, in summet 1s “‘thick the floor of heaven is inlaid witl 
patines of bright gold,’’ by day, as by night; but on account of the superior 
splendor of the Sun, we cannot see them Chis is proved, by the tact, that when 
the Sun's light is hidden at the time of a total eclipse, we are then able to see the 


stars as at mght. 
Manilius, a Latin poet who flourished in the Augustan age, wiote about this 


constellation, as tollows 


** All others he excels: no fairer li 


tit 


Ascen ls the skies, none sets so clear and bright 
But Endosia best describes it 


‘Next shines the Vog with sixty four distinct 
Famed for pre eminence tn envied sony, 


Theme of Homeric and Vireihan lays 





His fierce mouth flames with the dreaded Sirius; 


Three of his stars retire with teeble beams.” 


According to some mythologlIsts, this constellation represents one of Orion’s 


hounds, which was placed in the sky, 1 


ear this celebrated huntsman. Others say 
it received its name in honor of the dog given by Aurora to Cephalus, which sur 
passed in speed all the animals of his species. Cephalus, it is said, attempted to 
prove this by running him against a tox, which at that time was thought to be 
the fleetest of all animals. After they bad run together a long time without 
either of them obtaining the victory, it is said that Jupiter was so much gratified 
at the fleetness of the dog, that he assigned him a place in the heavens. But the 
name and form of the constellation of Canis Major, is undoubtedly derived from 
Egyptians, who carefully watched it rising and setting. They observed, that 
when its leading star Sirius became visible in the east. just before the dawn, the 
overflowing of the Nile immediately tollowed, thus it warned them like a faithful 
dog, to escape from the region of inundation. For this reason it was represented 
under the figure of a dog, since it was, as it were, the sentinel and watch of the 
year.""—(Burritts “ Geography of the Heavens,” p. 74) 
SIRIUS SEEN WiItH A TELESCOPI 

“On looking through a telescope towards Sirius, a glare of light will be seen 
within the tube. Now, if the tube is slightly moved about, the light will be seen to 
wax and wane, according asthe tube is more orless accurately directed. Following 


these indications, it will be found easy to direct the tube, so that the object-glass 
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shall appear full of light. When this is done, insert the evepiece, and the star 
will be seen in the field. Now focus the telescope by turning the small focussing 
screw. Observe the charming chromatic changes—green, and red, and blue light, 
purer than the hues of the rainbow, scinctillating and coruscating with wonder- 
ful brilliancy. As we get the focus, the excursions of these light flashes diminish 
until—if the weather is favorable, the star is seen, still scintillating, and much 
brighter than to the unaided eye, but reduced to a small disc of light, surrounded 
(in the case of so bright a star as Sirius) with a slight glare. If after obtaining 
the focus the focussing rack-work be still turned, we see a coruscating image as 
before. In the case of a very brilliant star these coruscations are so charming 
that we may be excused for calling the observer's attention to them. The subject 
is not without interest and difficulty as an optical one. But the astronomer’s 
object is to get rid of all these flames and sprays of colored light, so that he has 
very little sympathy with the admiration, which Wordsworth is said to have ex- 
pressed for out-of focus views of the stars. (Half hours with the Telescope. p. 38. 
By R. A. Proctor). 

Sir William Herschel savs, that when he turned his large four-feet mirror on 
this star, the light was like that of the rising Suu, and it was impossible to look 
at the star without pain to theeve. Even when seen with an opera-glass, the 


eves are dazzled by the light of this glorious star. 
CoLOR OF SiRiUs. 


Itis a well known fact, that the stars differ from one another in color, and 
that the flowers of the sky are as varied in hue as the flowers of the Earth. 
Sirius is a brilliant white star with a tinge of blue, but Ptolemy designates it as 
‘fiery red."’) **A marked change iu its color since the Alexandrian epoch might 
thus at first sight appear certain, the more so that Seneca makes express mention 
of the Dog-star, as being ‘redder than Mars;’’ Horace has ‘rubra Canicula’ as 
typical af the heat of summer, and Cicero, in his translation of Aratus, speaks of 
its ‘ruddy light.’”) Nevertheless the case is doubt{ul. Among the Latin writers, 
the misapprehension (if misapprehension there were) originated with Cicero, who 
was much more a rhetorician. than a natural philosopher, and it became practi- 
cally extinct with the perhaps unverified assertion of Seneca. (A learned discus- 
sion by Dr. T. J. J. Sve, of Chicago, leaves little doubt that Sirius was red 1,800 
vears ago. Astronomy and Astro-Physics, April and May, 1892). It is, how- 
ever, curious to find ‘the fiery’? Sirius referred to again in the verses of so close 
and original an observer as Tennyson. (System of the Stars, p.147. Agnes M. 


Clerke). He describes how 


‘The fiery Sirius alters hue, 


And bickers into red and emerald.” 


However, Tennyson may have referred to the appearances of Sirius, when it 
is near the horizon, or when the atmosphere is very unsteady, for at such a time 
it flashes with all the colors of the rainbow. The twinkling of the stars, when 
near the horizon, causing rapid changes of lustre and flashes of prismatic color, 
is an actual fact, but what causes this peculiar ‘‘twinkling?" Professor Barn- 
ard answers the question very lucidly as follows: ‘We are living under a great 
ocean of air, that surrounds the entire globe. To see the stars we must look at 
them through this great ocean of air. If the aerial ocean would keep perfectly 
quiet while we looked, it would be all right, but unfortunately this is not its in- 


tention. It is usually very unsteady, and is often in a fearful state of commotion. 
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rhe result of this disturbed condition of the air is more or less totally to destroy 


the image of a celestial body when looked at in a great telescope. The reason 


the Lick Observatory was placed on the top of a very high mountain, was be- 
‘ause the atmosphere was found to be unusually steady there and also because 
an unusual number of nights in the vear are free from clouds. The atmosphere is 
the great foe to large telescopes. The ideal pl ice for a telescope, would be that 


place which had no atmosphet 





at all, but such a place cannot be found on our 
planet. If it could, a new kind of observer would have to be invented to run the 
telescope.” 


Sirius, AS KING OF SUNS 


Sirius, rightly deserves the title of a ‘“*king of suns.”’ “From that glorious 
rb, nearly 2,000 such orbs as the Sun, that great and mighty orb, instinct with 
fire and life, might Le formed, each fit to be the centre of a scheme of circling 
worlds as important as that over which our Sun bears swav! And then conceive 
IoOW Vast must be the scale of the planetary scheme which Sirius doubtless rules 
»ver. Indeed it must be vast for the mere security of its inhabitants A scheme 


f planets bearing the same relation to Sirius as respects the supply of light and 





heat, which the planetary system bears to the Sun, would have to be constructed 
ma scale twelve times vaster.”’ (The Expanse of Heaven, p. 245. R. A. Proctor) 
It has been estimated, **that Sirius gives us four times as much light as any othet 
star visible in our latitude.” (POPULAR ASTRONOMY, p. +! Ss. Newcomb) 
According to the observations made by Gill and Elkin, “ the light emitted by 


Sirius 1s more than forty times as much as that emitted by the Sun.” (General 


Astronomy, p. +76, C. A. Young Sirius is in reality in rapid motion, though 
Wing to its enormous distance it seems to be at rest It is rushing throug space 
t the rate of about twenty-nine miles in every second of time, according to the 
ybservations made by Dr. Huggins early in 1868. In a vear it traverses more 
than five times the distance which separates our Earth from the Sun. (In 
Young's General Astronomy, Table VII, for the Velocity of Stars in the Line of 
Sight,’ from observations made by Vogel, the velocity given tor Sirius (a Canis 
Majorts) 1s 9.7 English miles per second Sirius is so far away that we do 


not see it as it is now, but as it was more than eight years ago, during which 





time its hght has been coming towards us, at the rate of about 186,500 miles in 
every second of time. ‘ Most of the stars are even farther away, so that if every 
m were in a single instant destroyed, we sh d still see them—that its 

t , for many years, and probably the greater number of them would still 
seem to be shining in the heavens long after the youngest of us were dead; per- 
ps even atter our great-grand-children had passed awa lLusyv Star-Lessons, 


{S. By Richard A. Proctor 
SPECTRUM OF > : 


m analysis enables us to 





t th } presen LDs ce f certain sul 

s he stars, so we can sav trom tl servation of a star's light with 
e spectroscope, whether it contains tron, cop drogen, « other elements 
Pie founders of stellar spectroscopy, were H rins, Miller, and Secchi The lat 
ter made a spectroscopic survey of the he ens nd classified 4.000 stars. into 
dur types he first type ts called the Strian, and includes all the bluish-white 
stars resembling Sirius and Regulus The spect is crossed by four broad and 
intense dark bands, due to great quantities of hydrogen present in the stellar at 
nosphere \ number of very faint metallic lines are also perceptible in this spe¢ 


trum. Insome cases these lines are dificult to see, or altogether absent. he 
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second type is called the solar, and this spectrum bears a close resemblance to 
that of the Sun, and comprises a!l the vellow stars resembling Aldebaran and our 
own Sun. The third type, includes most of the red and variable stars, a Herculis, 
a Orionis, and Mira (o Ceti), being fine examples of this third class. This spec 
trum is of the “fluted” kind, being crossed by a number of dark bands, very dark 
and sharp on the side nearest the blue, and shading off gradually towards the red 
end. The fourth type is composed otf telescopic red stars, that glow like rubies 
and are ol a very deep red hue. Only a very small number « 


stars belong to this 
class, and none above the fitth magnitude. This speetrui is also a‘ fluted”’ one, 
but the bands shade from the red towards the blue, reversing the order observed 
in the third class of stars. 

Sivius therefore, belongs to the first type, which comprises more than half the 
visible stars, and a Crucis, Vega, Regulus, and Altair, are among the leading 
briliants. ‘The light of these *Sirian’’ orbs is white or bluish, and it is tound 
to be rich in ultra-violet rays.’’ (System of the Stars, p. 452. Agnes M. Clerke). 

THe COMPANION OF SIRIUS 

“From the nature of the proper motion of Sirius, Bessel inferred in 1844, 
thatit did not travel alone. The line traced out by it must, were it si litary, 
have been straight, whereas it undulated markedly and regularly once in about 
half a century. Revolution in that period around an obscure companion was 
indicated; the elements of the hypothetical Sirian system were computed by 
Peters and Auwers, and the precise position of the Sirian satellite was assigned 
by Safford, in September, 1861. On January 31st following, it was found just in 
the neht spot by Alvan G. Clark, of Cambridgeport, Mass.” 
Stars, p.172. A. M. Clerke) 

Let us quote Professor Neweomh’s account of the circumstance (POPULAR 
AsTRONOMY, p. 439):—''In February, 1862, Messrs. Alvan Clark & Sons, ot 
Cambridgeport, were completing their 18-inch glass for the Chicago Observatory. 


(System of the 


Turning the glass one evening on Sirius, tor the purpose of trying it, the practiced 
eve of the younger Clark soon detected something unusual. * Why, father,’ he ex- 
The father looked and there was a com- 
panion due east trom the bright star, and distant about ten seconds. 


claimed “the star has a companion! 
This was 
exactly the predicted direction for that time, though the discoverers knew noth- 
ing of it. As the news went round the world, all the great telescopes were 
pointed to Sirius, and it was now found that when observers knew where the 
companion was, many telescopes would show it. It lay in the exact direction 
which theory had predicted for that time, and it was now observed with the 
greatest in order to see whether it was moving in the direction of the theoretical 
satellite. Four years observation showed that this was really the case, so that 
hardly any doubt could remain that this almost invisible object was really the 
body which by its attraction and revolution round sirius had caused the inequal- 
ity in its motion. At the same time the correspondence has not since proved 
exact, the observed companion having moved about half a degree per annum 
more rapidly than the theoretical one. This difference, though larger than was 
expected, is probably due to the inevitable errors of the very delicate and difficult 
observations from which the movements of the theoretical companion were 
computed.” 

* Although a very difficult object, both on account of its situation and incon- 
spicuousness, it has been kept under watch and ward, and found to revolve in 
about fifty-eight years in an orbit twenty times wider than that of the Earth 
round the Sun. Its light, though scantily emitted, is its own; that is to say, it 
does not shine, like a planet, by reflecting the rays of the great adjacent sun. 
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For, notwithstanding that the mass of the emitting body amounts to half that 


of Sirius, it possesses only one 10,000th part of that great orbit’s shining 


power.”” (Agnes M. Clerke in the Observer for July, 1896). The companion of 


Sirius is a little star of the ninth magnitude, which forms a double-star svstem 


vith Sirius itself... (General Astronomy, p. +76, Young 


Canis MINOR (THE LESSER DoG 





‘“anis Minor, the Little Dog, is situated abou >” N. of the equinoctial, and 
idway between Canis Major and Gemini,the Twins. It contains fourteen stars 
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THE CONSTELLATIONS AT 9 P.M. Ft 1, 1897 
meot the first magnitude called Procvor nd o1 ot the third magnitude 
marked Gomelza. These two stars resemble the two in the head of the Twins 
Procvon, in the Little Dog, is 23° S. of Pollu in Gemini and Gomeiza is about 
the same distance S. of Castor Procyon is also equidistant from Betelgeuse 


SE LD OT 
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and Sirius, and forms with them an equilateral triangle whose sides are each 
about 26°. If a straight line, connecting Procyon and Sirius, be produced 23° 
farther, it will point out Phaet in the Dove. (Geography ot the Heavens, p. 69. 
Burritt). 


History. 
According to Greek fable, the Little Dog is one of Orion's hounds. It is prob- 
able that the Egyptians were the inventors of this constellation, and as it al- 
ways rises a little before the Dog-star, which at a particular season they so much 
dreaded. it is appropriately represented as a little watchful creature giving notice 
like a faithiul sentinel of its approach. For this reason, the leading star was 
called Procyon trom two Greek words which signify (Ante Canis) ** before the 
Dog.” 
‘**Canicula, fourteen thy stars; but far 
Above them all, illustrious through the skies, 
Beams Procvon, justly by Greece thus called 


The bright forerunner of the greater Dog. 


The Arabiau astronomers gave it a name of similar meaning namely A/-kelb- 
al-mutekadden. Procyon, like Sirius, was supposed to be a star of evil omen, 
especially as bringing bad weather. ** What meteoroscoper.”’ said Leonard Digges, 
the astrologer, ‘‘vea, who that is learned in matters astronomical, noteth not 
the great effects at the rising of the star called the Lite! Dogge’ 

PROCYON, 

Procyon, is one of the ten brightest stars, north of the equator. Seen witha 
telescope, it is of a golden-yellow color, and it can aso be well seen with an opera- 
glass. Garrett P. Serviss writes about it, as follows: *‘ Th's star will interest vou 
by its golden-yellow color and its brightness, although it is far interior in the lat- 
ter respect to Sirius, or the Great Dog-star, which you will see flashing splendidly 
far down beneath Procyon in the south-west. Procyon is especially interesting 
because it is attended by an invisible star, which, while it has escaped all efforts 
to detect it with powertul telescopes, nevertheless reveals its presence by the eftect 
of its attraction upon Procyon. It is a curious fact that both of the so-called 
Dog-stars are thus attended by obscure or dusky companion stars, which, not- 
withstanding their lack of luminosity, are of great magnitude. In the case of 
Sirius, the improvement in telescoprs has brought the mysterious attendant into 
view, but Procyon’s mate remains hidden from our eves. But it can not escape 
the ken of the mathematician, whose penetrating mental vision has, in more than 
one instance, outstripped the discoveries of the telescope. Almost half a century 
ago, the famous Bessel announced his conclusion—in the light of later develop- 
ments, it may well be called discovery—that both Siriusand Procyon were binary 
systems, consisting each of a visible and an invisible star. (Astronomy with an 
Opera Glass, p. 21). 


DISCOVERY OF Procyon’s SATELLITE. 


Since the above was written, Procyon's companion has been discovered by Pro- 
fessor Schaeberle of the Lick Observatory. On November 16th, 1896, a telegram 
was sent from the Lick Observatory, to the Harvard Observatory, announcing 
the discovery. The telegram contains the information, that the companion is to 


be seen in the position angle 318, and is distant from the principal 4 6-10 seconds. 
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Procyon’s COMPANION DISCOVERED. 


Boston, Nov. 16.—A telegram from Lick Observatory to Harvard Observa 


Procvon has 


tory announces that the companion t ust been discovered by 
Schaeberle, an assistant at Lick. The telegram contains the information that 


the companion is to be seen in the position angle 318 degrees. and is distant from 


the principal + 6-10 seconds 
SoME Facts aB_utT PROCYON 


Procyon is farther off from the Earth than Siri 


Is nd its heht emissions are 
about one-third those of the Dog-Star. Procyon is one of the ten stars measured 
at Yale College, by Dr. Elkin, giving a light journey of 12.3 vears. The stars are 
placed at such enormous distances trom the Earth, that st distances are meas 
ured by “ Jight-vears."” ‘It is found more satisfactory to take as a unit the dis- 


tance that light travels in a year, which is about 63,000 times the distance of the 
Earth from the Sun." This number is found by dividing the number of seconds 
ina year by 499, the number of seconds required by light to make the journey 
from the Sun to the Earth. According to the latest determinations the velocity 


of light is 186.330 miles per second. Multiplying this by 499 we get 92,979,000 
miles for the Sun's distance. Lessons in Astronon pp. 253, 322. By C. A 
Young) 

When we observe a celestial body, we see it not as it is at the moment of ob 
servation, but as it was at the moment when the light which we see left it. If we 


know its distance in astronomical units, and know how ng light takes to tra 
verse that unit, we can at once correct our observation by sin ply dating it hack 


to the time when the light started from the object The necessary correction is 
called the * equation of light,” aud the time required by light to traverse the as 
tronomical unit of distance ts called the ‘‘Constant of the Light-equation”™ (not 
quite 500 seconds). (Lessons in astronomy, p. 320. By C. A. Young) 


PROPER MOTION OF Procyon 


In the System of the Stars, p. 405, Table-II], of Stellar Parallaxes, the follow 
ing measurement is given for Procyon, by Dr. Elkin, of Yale College, from obset1 
vations made in 1888, with the heliometer The proper iotion otf Proevon is 


1.26, equivalent to 13.9 miles per second. 


PLANET NOTES FOR FEBRUARY. 
H. ¢ WILSON 


Mercury will be morning planet during Februar d may be visible near the 
southeastern horizon about an hour before sunrise from the 10th to the 20th. 


It will be at greatest elongation west from the Sun Feb. 15. Did vou see Mer 
cury in the early days of January? It was quite conspicuous on several evenings 
No bright stars were near the planet; so, if you saw a star close to the south 
west horizon before six o'clock Pp. M. vou saw Mercury 


7 and so will be seen at a fay 


Venus crosses the equator Feb. vorable altitude 
during this month. She will be at greatest 


elongation east from the Sun 46° 39 
on Feb. 15. She shines now with such a resplendent light that objects in her 
light cast perceptible shadows upon the snow. In February her brightness will 
be still greater, increasing in the ratio of 126 on the first to 172 on the twenty 
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eighth. The phase is now slightly gibbous; on the eighteenth just half the illum- 
inated hemisphere will be turned toward us; after that the phase will be crescent, 
or perhaps we should say decrescent. Venus will be in conjunction with the 
Moon on the afternoon of Feb. 5 at 4+" 15™ central standard time. See if you can 
find the planet in full sunlight earlier in the afternoon of that day, It is to be 
looked for about 3° 48’, 7. €.,6 or 7 diameters of the Moon, south of the latter, 
and a little to the east, remembering as we said last month that the Moon moves 


eastward a distance equal to its own diameter each hour 


Mars has vied with Venus in the splendor of his brillianey but now has to 
vield to his tair neighbor He is receding both from the Earth and Sun and so is 
losing bothin apparent and real brightness. On the meridian about 8 o'clock, at 
an altitnde of 70°, Mars isin excellent position for amateur study, and we hope 





that our readers will make the most of any clear warm evenings that may be 
given us in Februar \ frosty night 1s of no use for the study of Mars, or in- 
deed of any other plat Mars will bein conjunction with the Moon at 1" 51" 
on the afternoon of Fe 11 

fir iter will lx ¢ Q 7. twenty ilps od 1 1 a ; ‘ tox vd 
he cast, im the ea | stars of the « Sle ion Leo Phe 
three i lat s. \ s wes Ma s Ve i | | t¢ LOW: | 
the enst, mark « \ na pos no ie 2 t rele of the 
ecliptic upon the sti sphere lt ohe imagines a line drawn a s the sky pass 
ing through Venus it four luna itmeters south of Mars, and 
ameters south of Jupiter, this line represents the ecliptic or apparent 
of the Sun among the stars It represents also the apparent path « 
as seen from the Sun It crosses the other great celestial circle, the equator, in 
that part of the sky where Venus will be seen on the evening of Feb. 1 Jupiter 


and the Moon will be in conjunction on the evening of Feb. 17, at 6° 11" Cen 


tral time. 

We give this month a table of data for physical observations of Jupiter. Itis 
extracted from a more complete ephemeris by Mr. A. Marth given in the supple- 
mentary number of the Monthly Notices 


of the Royal Astronomical Society , 
Londou. The data given are 

1. The position angle of the polar axis, or axis of rotation of Jupiter, that 
is, the angle which the axis makes with a celestial meridian. This is now about 
24° reckoned in the direction opposite to that of the 
clocl 


2. The jovicentric latitude of the centre of Jupiter's disk 


>movement of the hands of a 


This changes very 
slowly and amounts to only a degre« 


gree and one-third, the north pole of the planet 


being turned from us by that amount 


3. The jovicentri megitude of the center of the disk This changes very 


rapidly since Jupiter rotates in a little less than ten hours. The hourly change 
averages 36°.26 in the latitude of the ** Great Red Spot,” 


through which the zero 


meridian runs, the period of a complete rotation being 9" 55".7. For the equa 
torial regions the rotation is more rapid, some spots giving a period as short 


9" 50™.5. In the interval 


ais 


of two days Jupiter rotates five times so that the 


change of longitude, instead of being — 59°.17 as apparently indicated by the 
table, is really + 1740°.83 
4. The times (Central Standard) when the assumed zero meridian (passing 


through the Great Red Spot) on Jupiter’s surface crosses the center of the disk. 
Only each fourth or fifth passage is given in the table. Others occur at intervals 
of ten hours between those given 





Saturn will be at quadrature 90 
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west 


ot 


the 


Sun on Feb 


18 and may 














” s¢ ' 
toward the southeast in the morning in the constellation Scorpio 

Uranus will be at quadrature, 90° west from the Sun Feb. 16. Uranus is 
ibout 2° southwest from Saturn in Scorpio, but is not visible to the ev« 

Neptune is in good position for observation in the constellation 1 S. 
Right ascension, Feb. 1, 5" 5™ 55°; declinati y 21° 28 This posit will 
answer for the whole month. 

Ephemeris for Physical Observations of Mars. 
(From Monthly Notices, R. A. S., April, 1897 
Position \reograpl Areog < Passa 
Greenwicl Angle I uc l Net 
Noon ot Axis Center Dis F tre t s Cen. St’ 
Feb 2 20.14 }2 ) S2A 
n 326.29 21 S4.5 11 ) 
f 5.99 17 i2 26 P.. 
5 5-7! $7-5° I $2 
I 5.51 28.8 > + 
12 25 ! S } 10 
14 $.9 OT. 33 5 33 
1¢ 1.08 72.55 5! 
iS 1.38 153.75 Ss 7 
20 } 134 ) 24 
22 72 1! ) i 42 
24 3-3 , 11 7) 
21 3.05 78 12 38 A.M 
»& 229.22 > 60 12 l sé 


Ephemeris for Physical Observations of Jupiter. 





From Monthly Notices, R. A. S., Vol. LVI, No. 10 
Pos n sre 
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4.4.6 Variable Stars. 


Occultations Visible at Washington. 


IMMERSION. EMERSION. 
Date Star's Magni- Washing- Angle Washing- Angle 
1897. Name. tude ton M.T. f'm Npt. tonM.T. f'm N pt. Duration. 
h m h m h m 
Feb. if 3B.A.0. 2363...... 1.3 11 6&2 85 12 57 320 1 5 
14 7 Caticri.......i.. 6.3 7 29 69 8 33 326 1 4 
i ad Ss Se 2 ae 10 1 103 11 21 310 1 20 
1S 68 Cancti...... 7.5 9 26 108 10 45 311 i 49 
Lo 2 Canerit.........6.0 17 44 138 18 30 273 O 46 
6. 21 Leonis..........6.8 q 12 138 8 i2 271 1 0 
26 A' Sagittarii®..5--7 14 50 112 15 43 238 v0 53 


VARIABLE STARS. 
J. A. PARKHURST. 


New Wells’ Variable in Cygnus.—In Harvard College Observatory 
Circular No. 12 is the announcement of a variable discovered by Miss Wells on 
the Harvard plates. Its position for 1900 is given :— 


R. A. 21° 38" 46°.21 Decl. + 43° 7’ 34”.8. 


“Its period wippears to be about 4) days, and its photographic brightness 
varies from 7.2 to fainter than 11 2, an unusually large range for a variable hav- 
ing so short a period.”’ 

The accompanying chart from the Durchmusterung shows the position of the 
new variable in a triangle of small stars. (The variable does not appear in the 
D. M.) The positions of these three stars and five others which will be useful as 
comparison stars, are given in the following table 


a en A . 
well’s Variable in Cygnus, Co-ordinates from V. 




















40") 21" = 36" 32° 
. ——J+ 44° Mag. R. A. Decl. 
. . e 
a | 
le * . 
4 ‘a e. V4.2 — 6.4 0.7 
ae e o 11.6 5.6 2.4 
e Se” © 
ae "** 9s d 10.8 2.7 1.4 
¥ Oe m e + 43° 
m J. bh 12.3 ‘2 1.1 
$ ‘i wh > = c 9 0.0 + 3.0 
° * 4 
* ad e ° k 12.8 a.2 0.9 
° ; a 
al ya + 42° b 5.5 rT 4-9 — 


In the Astronomische Gesellschaft Zones, this star was observed by Tiele, 8.6 
magnitude, 1869, Noy. 12. It was not noticed (therefore less than 9 mag.) 1856, 
Oct. 20, 21, 25; 1878, Aug. 5 and Sept. 14. 


My observations so far are as follows 


1896, Dec. 20, 11.1 mag. Dec. 23, 1 
1897, Jan. 1, 10.7 mag. Jan. 6,1 


If it follows the expected period its rise will perhaps be quite rapid, possibly like 
U Geminorum. 
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Minima of the Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time ] 


U CEPHEL. R CANIS MAJ. 6 LIBRAE. U OPHIUCHI. 
1897. 1897. 1897 1897. 
; h M d h M d h d h 
: : Mar. 5 6 Mar. 3 11 Mar. 2 20 
Mar. Lb 20 6 10 5 619 Po oa 16 
3 8 Pa : . ‘ 
a. rae 10 11 $ 12 
ms a“ 8 16 12 19 7, 2 
* 14 0 17 «11 8 17 
11-20 15 12 19 18 9 13 
~ - 16 15 24 10 is | «63h 
+ 17 18 26 18 13°18 
21 ( 22 7 31 «10 14 14 
23 «19 23 (OT as 7 «99 
4 rs 2s RS SAGITTARII 1v 22 
2 é 24 14 is 18 
28 19 On ~ Mar 2 18 
: é v0 17 na 19 14 
' 30. «6 s. 2 22 23 
3 9 <0) 23. «19 
ALGOL. ii 19 } ry rp 
S CANCR = & 24 15 
Mar. 2 9 Mar. 10 12 31 18 ie 
-e 3 ng U CORONAE 29° 16 
229 10 S VELORUM. Mar. 5 14 30 12 
os - Mar. 4 17 12 «11 , eee anene 
2: i ‘_ se W DELPHINI. 
1 TAURI. 16 14 19 i) Mar. 17 23 
22 13 22 20 22 «618 
Mar. 4 7 28 11 29 18 27 14 


Maxima and Minima of Long Period Variables. 


1897 April. 


MAXIMA. MAXIMA, Con’r. MINIMA Conr. 
Day Day Day 
782 BR Arietis 28 7139 RR Sagittarii 15 4896 T Centauri 27 
906 R Trianguli 28 7257 R Sagittze 27 5237 R Bootis 20 
2445 W Monocerotis 15 7260 Z Aquila 12 5677 R Serpentis 23 
2676 U Monocerotis 19 T7779 S Cephei 10 5795 W Scorpii 21 
+826 R Hydrie 20 8U68 S Lacerta 12 6512 T Herculis rf 
5095 R Centauri 28 ; 6794 R Lyrz 2 
5174 RS Virginis 15 MINIMA. 7106S Vulpecule 10 
5194 V Bootis 12 243 U Cassiopea 2 7252 W Capricorni 22: 
5321S Lupi i: 466 U Piscitum 15 7257 R Sagittarii 11 
6132 R Ophiuchi 22 1761 R Orionis 17 7261 R Delphini 16 
6794 R Lyre 24 1981 S Comelopard 3 7468 T Aquarii 6 
6923 Z Sagittarii 4 2583 Ly Puppis 29) 7754 W Cyeni 24 
6943 T Sagittarii 17 2676 U Monocerotis 1 8290 R Veyasi 3 
TO77 T Pavonis 29 2684 2 Canis min. 18 


The above ephemeris is computed for POPULAR ASTRONOMY directly from the 
elements given in Chandler's Third Catalogue. For the Algol type stars I have 
given all the minima which occur in the night hours in American and European 
longitudes, when the star is above the horizon. In the long period ephemeris all 
the stars are given whose periods are greater than 40 days. 

The new Algol star, 6546 RS Sagittarii, has not been previously included. 
Its position tor 1900 is 


R. A. 18" 10™ 595 Decl 34° 87.5. 


o 








4.4.8 Comet Notes. 


It varies from 6.4 to 7.5 magnitude, with a period of 249" 58™.6. It was dis- 
covered by the late Dr. Gould in 1874, and confirmed by Roberts. 

7399 W. Delphini. In the Astronomical Journal for December 1896 Professor 
Pickering has given a light curve of this star, and an ephemeris for the year 
1897. The normal magnitude is 9.30 and the minimum 12.01. The rise and fall 
occupy about 7 hours each, so that 14 hours would be required for a complete 
observation of its changes. The range of magnitude, 2.71, is greater than any 
other known Algol type star. Professor Pickering’s ephemeris is based on ele- 
ments differing a little from those used by Chandler, the difference in the time of 
minimum amounting in March to 15 minutes. It appears that the star is at 


present following Chandler's elements more closely than Pickering's 
COMET NOTES. 


No new comets have been discovered up to the present writing (Jan 25). 
Giacobini’s comet is beyond the reach of all but the largest telescopes. Brook's 
periodic comet 1889 V, may possibly be followed for a time yet. The last ephem- 
eris which we have at hand, closing Jan. 31, was given in our last number. Per- 
rine’s Comet f 1896 is at present lost in the rays of the Sun. During February it 
will emerge trom the twilight and become visible in the morning. Fora short 
time it may be visible to northern observers, but will soon be lost to them and 
visible only in the southern hemisphere. An ephemeris extending through Febru- 
ary March and April was given in our last number. 





Perrine’s Comet g 1896 turns out to be one of short period, belonging to the 


Jupiter family of comets. Elliptic elements are given in another note by Messrs 








Comet 


Hussey and Perrine. 


elements to those of the lost Biela’s comet, last seen in 1852. 


apparent at once if we place the element 
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These gentlemen call attention to the similarity of the new 


his similarity 


is 


s side by side 


siela’s Comet 1852 Perrine’s Comet g 1896 
1 109 s 1 22 
\ 245 51 246 0) 
i is 3a 13 45 
e 0.7559 0 6865 
a 3.5287 9 t45 
Period 6.63 vears 6.67 vears 
In order that the reader may see more eas e relation of the two orbits 
we have prepared the accompanying cut. whi s the paths of the tw 
comets projected upon the plane of the Earth's orb In reality the two are 11 
planes inclined at an angle of about 13° to the plane of the ecliptic It is neces 


sary then, in order to get a true picture of the 


rotated upon the lines of nodes NN’ and 
portions lying below the plane of the 
coincide, it will be evident that the twe 
that their dimensions are quite simila 
axes are very different. The two comet 


can account for the change of about 60 


disturbing influence of some of the planets 
leads us to conclude that the change is not to be so accounted for. 


tion of the orbits at A might point to the Earth as th 


orbits t 


oO imagine the ellipses 
13°, the 


through 


NN 


ecliptic 


the angle dottec 


Since the lines otf nodes almost 


» orbits lie in nearly the same plane, an 


r, but that the directions of their may 


s therefore cannot he the same unless we 
in the direction of the major axis by the 
\ hasty examination of the questior 
The intersec- 


disturbing body, and there 


was indeed a close approach of Biela’s comet to the Earth in 1865, but we de 
not find, on tracing the path of the new comet, that it was in the vicinity of the 
Earth at that time 
Elliptic Elements of Comet ¢ 1896 (Perrine From Mt. Hamilt 
observations of Dec. 8, Dec. 20 and Jan. 5, we have computed the following « 
liptic elements of this comet. 
Epoch 1896-dDec. 8.5. Gr. M.1 
M 2 3 9.5 
246 x0 yy 4 + 
w 163 91 $1.5) Mean ecliptic ar 
T 50 22 3.6 (equinox of 1897. 
13. 45 19.7) 
low ¢ 9 836649 
log af ‘) 49 yf ) 
log 2 206060 
Period 6.67 vears 
CONSTANTS FOR THE Eovato 1897.0 
X r{9 989420] sin +139 4 7.3 
v =r [9979576] sin (1 15 43 41.5 
2 —= r [9.568872] sin (1 83 48 39.4 
With the exception of @ or 7 these elements closely semble those‘ol Bi 
comet as its last apparition in 1852 
\ {USSEY AND'C.’D. PERRINI 
Lick Observatory, University of Californiz 


Jan. 14, 1897. 








450 General Notes. 

Sunspots. —Observations were made almost every clear day during 1896. 
On Jan. 1.2 and 20, Feb. 22, March 3 and 27, April 6, May 28, large clusters were 
near the middle of the disc of the Sun. June 12, two large spots; July 15, large 


cluster about one-seventh of Sun's diameter, plainly visible to the naked eye. Oct. 


spot near middle of disc; Aug. 12, spots in same positoin nearly; Sept. 13, large 


19, three spots near center of disc, Nov. 5 to 7, large spot near eastern limb, 
which was largest spot observed during the vear,and plainly visible to the naked 
eve from Nov. 7 till it passed from view. It was fully 1 40 of the diameter of the 
Sun. Small spots were also seen Dec. 3 and 24. 
These observations were made witha field-glass magnifying about three di- 
ameters. MARTIN WINGER. 
Cleveland, O., Jan. 1, 1897. 


Ephemeris of Comet g 1896 ( Perrine.) 


[Computed by H, C. Wilson and Miss A. S. Young from the elliptic elements by Hussey 
and Perrine}. 


Greenwich midn. R.A. Decl. log r log 4 Brightness. 
h m s e 
Feb. 1 €¢ 210 62 +0 26.0 0.1550 g.5125 0.10 
5 5 21 16 oO 49.9 0.1044 9.8425 .o8 
9 5 31 14 114.6 0.1737 9.8723 07 
13 5 40 46 I 39.6 0.1830 9.goo9g .06 
17 5 9 59 2 4.4 0.1922 9.9257 “O05 
21 5 58 56 2 28.6 0.2014 9.9555 .O4 
25 6 4 36 2 52.0 0.2104 9.9821 04 
Mar. I 6 16 4 3 «14.2 0.2194 0.0076 .03 
5 So 2 23 +} 34.9 0.2252 0.0325 -03 


GENERAL NOTES. 


The pressure for space to present the good matter in hand this month has 
been so great that we have added eight pages to the size of our usual monthly 


issue. 


Mr. D. Flanery, Memphis, Tenn., says that R. Leonis passed first maxi- 
mum Nov. 16, 1896. That of Mira oceurred Dec. 17. Second maxima in both 
<ases seemed to be doubttul as late as January 10. 


The Yerkes Telescope.—The largest lens in the world has been completed 
by Alvan Clark & Sons, of Cambridge, Mass., for the Yerkes Observatory, Lake 
Geneva, Wis., of the University of Chicago. The extreme diameter of the lens in 
the clear aperature is 40 inches, the crown lens is about 21% inches thick at the 
middle *4 of an inch thick at the outer edge and weighs 295 pounds, the flint lens 
weighs 310 pounds and the combined lens with its iron ring and cell weighs 1000; 
the focus is 61 ft. Some two and a half years labor has been put on these lens by 
Mr. Clark and its estimated cost is about $70,000, the glass plates alone having 
cost $20,000 in Paris. In taking the lens to the Observatory it was wrapped in 
flannel and packed in curled hair in a spring mounted box, It is now in the great 
tube in the new Observatory as we are recently informed and ready for use. 
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Lick Observatory Atlas of the Moon.—The astronomers at Lick Ob- 
servatory are now preparing and publishing an Atlas of the Muon which is to 
consist of sixty or more plates, made from the negatives taken with the great 
36-inch equatorial telescope of the Lick Observatory rhe cost of this very im- 
portant publication is met from a fund which has been contributed to the Obser- 
vatory by the generosity of W. W Law, Esq. of Scarboro, on-Hudson 

These Atlas plates will be on a scale ot three French feet (97.45 em. 38.36 
English inches) to the Moon’s diameter Phisis the scale of Mzedler’s map, and 
one-half that of Schmidt's Lunar Chart. Plate No. 1 has been received. The size 
of the sheet is 16 by 20 inches, on heavy paper of fine quality. The printing on 
the plate is 914 inches by nearly 12% inches The color of the ink is greenish 
black making wood back ground, so that the features of the region of the Moon 
presented stand out nobly, giving a mass of details in the lunar surface, at once 
most inviting, and helpful for reference or exhaustive study 

Professor H olden and other astronomers at Lick should be credited with the 
beginning of a piece of most excellent work 

The completion of this Atlas of the Moon will be looked for with very general 
interest 

Discovery of Brilliant Southern Binaries at the Lowell Obser 
vatory in Mexico —It is announced trom the City of Mexico that Dr. See has 
discovered a number of biilliant stellar systems in the southern hemisphere. 
Since the beginning ot observations about Jan. 1 Dr. See and Mr. Cogshall have 
been sweeping over the constellations Phoenix, Eridanus, Dorodo, Puppis, Vela, 
Corina, Centaurus and Lupus. In the course of this work they have detected a 
large number of new double stars; the following splendid objects have been 
added to the list of stellar systems 

1). @ Phoenicis, 13th magnitude purple companion in 265°, 7’, 
2). #« Phoenicis, 13th magnitude purple companion in 255°, 6 
3). « Velorum, 11th magnitude purplish companion in 60°, 277.5 
t). » Centauri, very difficult 13.5 magnitude companion in 270°, 8”. 
>). # Lupi, a splendid close double with 3 and 3.5 magnitude components, 
both vellow: position angle 90°, distance 0’.25. The finest close double in the 
entire heavens! 

Such discoveries would arouse the enthusiasm of a Herschel, a Struve or a 
Burnham and hence it is not surprising to learn that the Lowell observers are 
working very energetically in their new field. This work will redound to the last- 
ing credit ot American Science, and Mr. Lowell and his staff will deserve the 
gratitude of astronomers generally for these valuable explorations in the un- 


known regions of the southe -n heavens. 


rofessor MeFarland’s article inthe December number of this periodical seems 
to call for a brief note from me. Opinions differ widely on the question how far it 
is best to go in a text-book with the introduction of details and minutiz On 
the one hand there is the danger of contusing the pupil, and distracting his atten 
tion from the leading facts and principles; on the other hand there is also the dan- 
ger of giving him the impression that his knowledge is much more complete than 
it really is. 

As regards the data given tor the length of the different kinds of month and 
year I am disposed to agree with Professor McFarland so tar as to think it may 


be well to introduce into future editions of my book a toot-note to the effect that 
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the values given are ‘‘mean,’ values; and that, while these are very precisely 
known, the individual months and years differ from them more or less on account 
of “perturbations” and other causes to be discussed later in the book. 

1 am much obliged to him also for calling my attention to the error in the 
decimal .684 in the value given for the synodic month. It is correctly copied from 
Neison's ** Moon,” which was my authority for the lunar data: but is wrongly 
given there: very likely the error arose in the way suggested. The correction is 
ol real importance, since, thouzh it amounts to only 0°.16, it is at least ten times 
as great as the probable error 

The Professor would have done well to look at some later edition ot my 
book before he wrote his criticisms of the eclipse matter. The passage quoted 
was re-written and corrected in the second edition nearly six vears ago. The al- 
lusion to the eclipse of Thales was cut out, while the effect of the Moon's seeular 
acceleration in embarrassing the determination of the period was introduced. It 
is hardly fair to say that the statement that there is ‘an interval of more than 
35,000 months between the eclipse of 763 B. C. and that of 1887" 


-is wrong by 
more than 2,000 months. 


The months I had in mind were siderea/ months, and 
in respect to these the statement is perfectly true. The article is headed, ‘ Deter- 
mination of the Moon's Siderea/ Period.” 

On another point I must join issue with my critic:—his statement that the 
“dayvs"’ vary in length to an appreciable amount. This 


would be true if at 
the present time the word ‘day,”’ 


when used without a qualifier, were under- 
stood by any scientific writer to mean a“ 


sun-dial day’ and not a ‘mean solar 
day.” 


The day of science (and of ordinary lite too) the * clock-day,”’ is the mean 
solar day; and both this, and the sidereal day, are practically constant for cen- 
turies. Perhaps it is also worth while to notice that the ‘‘sun-dial dav.” (the 
day of antiquity) instead of varying only “about one-fourth of one minute,’ as 
stated by Professor McFarland near the bottom of page 355, really varies more 


than 50 seconds. About Sept. 19th the length of the day, reckoned by the sun 


dial from noon of the 19th to noon of the 20th, is 21 seconds less than 24 hours 
and about Dec. 20th the ‘fday’’ reckoned in a similar way, about 30 seconds too 
long. C. A. YOUNG 
Princeton, N. J. Jan. Ist. 1897 


Observatory of the University of Pennsylvania.—!rofessor C. L. 
Doolittle of the University of Pennsylvania is to be cor gratulated on the instal- 
lation of the equipment for his new Observatory. His list of instruments in 
cludes an equatorial 18-inches aperture, 4-inch zenith telescope, 4-inch meridian 
circle and a 3-inch combined universal transit and zenith telescope of the broken 
or prism type 

These instruments were designed and made by Warner & Swasey, all of the 
optical parts being made by Brashear. 

Mr. Eric Doclittle and Mr. Evans are to assist 
work. 


Professor Doolittle in his 


Change of Altitude and Azimuth to Right Ascension and Declin- 
ation.—Mr. Lockver says that when we know the azimuth and the altitude of a 
celestial object, we cin readily determine its declination and tight ascension \ 
correspondent asks how this is done. The explanation will be found on page 120 
of Young’s General Astronomy. Young’s Lessons in Astronomy explains the 
meaning of standard time, true time and mean solar time. 
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Protessor G. D. Swazey in charge of astronomy at the University of 


Nebraska writes that a movement has already been made toward providing bet 





ter facilities for practical work in astronomy. A temporary wooden building 
is been provided, which can hardly be dignified with the name of Observatory. 
Phe instruments are A Brashear 4-inch equato l, a sidereal chronometer, a 
n time clock, a small universal instrument for transit observations with at 
achments to make it quite complet: 
M. F. Tisserand —In the last 1 er of the Observatory (English) the 
sudden death of M. F. Tisserand, D Dive iihenreatory te as 
ed. | irred Oct. 20. A bate 
she st ( 1 s 
The Leonids.—The follcew 
cCrossin ( ) 
’ oO 20 
| s { 
} ] \ 2 
14 7 ( 
are 
( LO nu ) ere st ( Mi ‘ 14 t « 
Z SEVE il had distinet I s { \ evree ot Juy C 
ett which looked like a grey cra Co e bright planet and 
t may le star in Leo linveres 1 l¢ KROSE O HALLORAN 
San Francisc Nov. 19th, 1896 
Mr. Tebbutt’s Observatory.—The ani re t by John Tebbutt, of the 
done at his Observatory during the ear 1S9O 1s received [his Obsery 
is at Windsor, New South Wales, Aust 1 i report covers 24 pages ol 
veneral observation work. We give the paragt n variable stars Argus 
vas compared on two or three occasions and ynnected series of Comparisons 
R Carinze was obtained, from which it ay . t niaximum ot this 1 
resting va je was attained on May 13 2.1 onthe seale of Lranometreia 
gentina Chis exceeded the maxnunum of the preceeding vear by half a magni 
de, and is the eleventh satistactonly determines t Windsor since 1879 \ 
iilente is pvdotn otal sin 18 se at Windsor in 1895 
vives a me of al it 3l s oO mMaxin 1 This is 
ess th | deduced n S ISS6 
High School, Northampton, Mass.—.\ F. Pease, Superintendent 
Schools, Northampton, Mass., in a pr ‘ t vrites We | ‘ 
High School building, a good tel \ nClar with object glass ¢ 
i] one half inches aperturs Phe s ! Ss e well mounted and 
lin an excellent dome Work withit w ve unde iken soot 
Protessor Hall’s Lectures on Celestial Mechanics. Professor 


Asaph Hall, tormerly of the United States Naval Observatory, Washington, 
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D.C., is now delivering a course of lectures on Celestial Mechanics at darvard 
College which will continue through the present college year. The plan of the 
course is to give an outline of the principal questions of celestial mechanics, 
deduce on the black-board the general equations, give the solutions and the reter- 
ences, so that a student can follow out the line of investig ition as fully as he 
wishes to do. Below 1s tound the list of subjects embrec'd in this course of lec- 
tures. The scheme is a broad one—the most complet« in cur judgment that has 
yet appeared so far as we know. The students of this course are exceedingly for- 
tunate in suc: an opportunity. Hundreds more in other instituions in the United 
States would gladly avail themselves of such privileges, if it were possible, instead 
of going abroad to secure them. 
1. Introduction. 
2. The planets considered as material particles. 
3. Formation of the differential equations of motion for n particles. 
4. Solution of the differential equations for two bodies. Determination ot 
the constants of integration. 
5. The Ellipse: its elements and their relations. Differentials of the 
elements. 

6. The Hyperbola: its elements and their relations. Differentials of the 
elements. 

7. The Parabola: its elements and their relations. Differentials of the 
elements. ; 

8. The Ellipse and Hyperbola in case the excentricity is nearly unity. 
Solutions by series. Gauss’ method. 

9. Special cases of the motion of two bodies. Euler's and Lambert's Equa- 
tions for each of the conics. The hodograph. Jacobi’s Equation, 
Attraction to two fixed centres, Euler and Lagrange. 

10. Probdfs of Newton's law of attraction. Kepler's laws. 
11. Expansions into series, Lagrange and Laplace. The Bessel Functions. 
Convergence of the series. 
12. Relations in space. Two orbits. 
13. The inverse problem of finding the orbits from observations. The para- 
bola: the ellipse and hyperbola. Circular orbit. Meteoric streams. 
14. Differential equations for correcting orbits. 
"15. The orbits of satellites. 
"16. The orbits of double stars. Proofs of Newton's law. 
17. The variation of the arbitrary constants. Lagrange and Poisson. 
18. The differential equations for elliptic elements. Lagrange and Leverrier. 
19. The general equations of Dynamics, and their properties. Lagrange, 
Poisson, Hamilton and Jacobi 
20. Jacobi's solution in the case of two bodies. 
21. The canonical method in the variation of the arbitrary constants. 
22. The disturbing forces resolved along the radius vector, perpendicular to 
the radius vector, and perpendicular to the plane of the orbit. 
23. The perturbations of the radius vector, the longitude, and the latitude. 
Formulas for the lunar theory. Hill and Laplace. 
24. The purturbative function and its development. Laplace, Peirce and 
Leverrier. 
25. The secular perturbations. Lagrange, Laplave, Poisson and Leverrier. 
26. Gauss’ method of secular perturbations. 
The general theory of perturbations. Newton, Gyldén, Linstedt and 
Poincaré. 














Book Notices 155 

‘28. Hansen's method of perturbations. 

*29, The problem of three bodies. Lagrang« 

“30. Special cases of three bodies. Lagrange, Laplace and Jacobi. Tisset 

and's Criterion. 

Books OF -REFERENCE: Gauss, Theoria Motus; Oppolzer, Lehrbuch der 
Bahnbestimmungen; Lagrange, Mecanique Analvytique; Laplace, Mecanique 
Celeste; Leverrier, Annals de [Observatoire de Paris; Jacobi, Vorlesungen uber 
Dynamik; Tisserand, Mecanique Celeste 


These sections may be omitted 1f time is too short. 


BOOK NOTICES. 


Creation Centered in Christ.—We were recently favored by the publishers 
of a work, in two volumes of over 500 pages each bearing the above title 
This was written by H Grattan Gainness, D.D., Fellow of the Royal Astro 
nomical Society and published by A. C. Armstrong & Son, of New York. 

The object of the author in writing this book is to give a full explanation ot 
the conflict between Reason and Faith and then to show their reconciliation 
The number of subjects dealt with is large, and the purpose is to gather all the 
light possible in this way, for larger generalization and truer results. Mam 
moth telescopes have an advantage over small ones, in light-gathering powet 
thereby revealing unknown details and making advance in knowledge possible 
This attempt is also likened to the work of Copernicus who applied the helio-cen 
centric principle to the problem of the motion of the planets instead of making 
the whole universe revolve around the Earth as did most philosophers before him 
from the time of Aristotle; so now, this author, in the present work would ap 
ply the Christo-centric principle to the problem of the constitution of the seen 
and the unseen Universe. The one question to answer is,Can Faith and Reason 
be reconciled?) The author says, ves; because both are from God, both ascend 
to Him, both are free, yet bound together, distinct and widely different. still both 
are united in act and aim and both seek and find in Him their centre and home. 

In all this what is the chief thing on which the author rests for his main 
proof in this wide generalization? Undoubtedly, we think, the tables which 
he has constructed for astronomical cycles, from the prophetic times of the Bible 
These tables, among other things, furnish the dates of all the equinoxes and the 
mean and true moons for a period of 3,555 vears, from B. C. 1622 to A. J). 1934 
The accuracy is to days, hours and minutes. The entire second volume of this 
work is given to these tables and notes upon them. A very important feature is 
the favorable testimony as to the accuracy of these tables from such astronomers 
as Dr. Dreyer, A. M. W. Downing, W. T. Lynn and A. Marth, most of whom are 
accredited authorities in such matters. The work is unquestionably a valuable 


one, 


An Eclipse Party in Africa, by Eben Y. Loomis. Published by Roberts 
Bros., Boston. Price $4.50. 


This account of un eclipse party in Africa possesses a_ peculiar fas 


cination for one who has just returned from such an expedition. The 
opening chapter of the book reters to the actual beginning of the expe 


dition when ‘twelve tons of astronomical instruments were securely packed 
and loaded on the cars at Washington, on October 12th, 1889, the last 


chapters describing the safe return of the party home, on May 23d, 1890 
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Book Notices. 


In the preface, writen by Professor David P. Todd, of Amherst College, 
he points out the fact that this expedition was not organized only with 
reference to astronomy but to other branches of scientific investigation such as 
natural history, terrestrial physics, meteorology, ethnology, etc ; and an abund- 
int harvest was garnered, which has been presented in narrative form by an his- 
torian who wasfhimself a member of the expedition and who knows what to see 
ind how to{tell a story. No one could have done this better than Mr. Loomis, 


ind the interest of the book is greatly added to by means of the eighty-five pho- 


tographs with}which it is illustrated. An account is given of the Cape De Verde 
Islands, Sierra Leone and the Gold Coast, Cape Town and Dr. David Gill in con- 
nection, with the Royal Observator The third chapter contains an account of 
Cape Ledo and(the total eclipse, written by Professor Todd and giving some idea 
ot the extensive preparations that were made. “All the instruments were 
roughtinto operation during the period of total eclipse, and over three hundred 
xposures were made in a period of three minutes and ten seconds; but no photo- 
graphs of the corona were secured as the Sun was completely obscured by 
louds.”’ So that untort the same tate awaited Professor Todd at the 
total solar eclipse of 22d December, 1889, that he lately experienced at 
i total eclipse of August 9th, 18906 \n interesting account 1s given of Saint 
Helena, the neighboring isiand of Ascension, and we have a glimpse of Barbados, 
nd Bermnda Phe book is written in a most entertaining manner, and of value 
not only to the scientist but to those who cannot but enjo this account of a 
party of scientists amid the tropical jungles and fragrant wilds of Africa. The 


tolk-lore of the common peop'e, their primitive ideas, their pecultarilies, attracted 


the philologist of the party and his knowledge of the dialects of the region, en- 


ibled him to translate the Folk Tales of Angola,’ some of which are here given. 
‘The inspection of these papers will make it apparent why the expedition al- 
though sent out to Atrica.”’ remarks Protessor Todd, “was not intended for ex- 
ploration oO. discovery, much less for adventure.’ Mary Procror. 


Upton’s Star Atlas.—This new star atlas has been prepared by Professor 
Winslow Upton, of Brown University. and its publishers are Messrs. Ginn & 
Co. of Boston. 

Vhe atlas contains stars visible to the naked eve and clusters, nebula and 
double stars visible in small telescopes, together with variable stars, red stars, 
characteristic star groups. ancient constellation figures and an explanatory text. 
The size of the page ts 8! by 14 isches, very convenient for descriptive matter, or 
tor double or single page maps. 

This atlas is designed for teachers and students of astronomy, and it is ad- 
mirably adapted to the wants of such persons. The descriptive matter is excel- 
lent and tull enouch to accomplish its purpose well especially inregard to modern 
usage. The first table gives an alphabetical list of the constellations with the 
name of each and its ginitive pronounced another column gives the meaning ot 
the names, and others the maps containing them and the names of the persons 
who proposed these constellation names by which they are now known. That 
table is a very useful one tor any teacher, for only the careful or very experienced 
are quite ready or certains in pronouncing all those 176 names in that table. We 
wish that the author could have done as well tor us in the individual star names 
ot the second table on page 7. Why does not some competent lisguist or lexi- 
cographer prepare a pronouncing vocabulary of these names? Is there any good 
reason 2 

The explanations and the directions for study in the text are very helpful and 
eover a wide range. The series of charts representing the various constellation 
figures and boundaries is a new and a very useful way of presenting this part of 
the study. 

Che regular star maps form an attractive feature. The constellation figures 
are retained and appear in unobtrusive outline. They with their names are 
printed in blue, the stars and lines of reference, in black. This combination of 
color is very agreeable to our eve, and hence every part of the map is easily read 
even by lamp light. The atlas is an admirable one. Its mailing price is $2.15. 











